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ABSTRACT 


With  the  complexity  of  digital  systems,  reliability  considerations  are  important. 

In  many  digital  systems  it  is  desirable  to  continuously  monitor,  exercise  and  test  the  sys¬ 
tem  in  order  to  determine  whether  the  system  is  performing  as  desired.  Such  monitoring 
may  enable  automatic  detection  of  failures  via  periodic  testing  or  through  the  use  of 
codes  and  checking  circuits  (e.g.,  built-in  self-testing).  While  any  complex  system  re¬ 
quires  testing  to  ensure  satisfactory  performance,  satellite  systems  require  extensive  test¬ 
ing  for  two  additional  reasons:  they  operate  in  an  environment  considerably  different 
from  that  in  which  they  were  built,  and  after  launch  they  are  inaccessible  to  routine  main¬ 
tenance  and  repair.  Because  of  these  unique  requirements,  a  specific  solution  is  required 
such  as  a  self-contained,  autonomous,  self-testing  circuit.  The  focus  of  this  thesis  is  on 
the  design  and  development  of  a  series  of  Built-In  Self-Tests  (BISTs)  for  use  with  the 
Configurable  Fault  Tolerant  Processor  (CFTP).  The  results  of  this  thesis  are  two  detailed 
designs  for  a  Random  Access  Memory  (RAM)  BIST  and  a  Read-Only  Memory  (ROM) 
BIST,  as  well  as  a  conceptual  design  for  a  Field  Programmable  Gate  Array  (FPGA) 

BIST.  These  designs  are  stored  on  board  the  CFTP  and  are  made  to  operate  remotely  and 
autonomously.  Together,  these  BISTs  provide  a  means  to  monitor,  exercise,  and  test  the 
CFTP  components  and  thus  facilitate  a  reliable  design. 
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EXECUTIVE  SUMMARY 


With  the  complexity  of  digital  systems,  reliability  considerations  are  important. 
Being  physical  devices,  digital  circuits  are  subject  to  failures  caused  by  faults.  A  fault  is 
defined  as  any  change  in  a  system  that  causes  it  to  behave  differently  from  the  original 
system.  In  digital  systems,  typical  maintenance  deals  with  detection,  location,  and  repair 
of  any  such  faults. 

In  many  digital  systems  it  is  desirable  to  continuously  monitor,  exercise  and  test 
the  system  in  order  to  determine  whether  the  system  is  performing  as  desired.  Such 
monitoring  may  enable  automatic  detection  of  failures  via  periodic  testing  or  through  the 
use  of  codes  and  checking  circuits  (e.g.,  built-in  self- testing).  In  such  systems,  special 
hardware  and  software  must  be  incorporated  in  the  system  to  obtain  these  reliability  ob¬ 
jectives.  This  thesis  will  address  problems  associated  with  testing  a  digital  system  to  de¬ 
tect  and  locate  faults.  Additionally,  the  thesis  addresses  the  design  of  self-testing  digital 
systems  in  which  faults  can  be  automatically  detected  for  key  components  of  the  digital 
system. 

While  any  complex  system  requires  testing  to  ensure  satisfactory  performance, 
satellite  systems  require  extensive  testing  for  two  additional  reasons:  they  operate  in  an 
environment  considerably  different  from  that  in  which  they  were  built  and  after  launch 
they  are  inaccessible  to  routine  maintenance  and  repair.  Because  of  these  unique  re¬ 
quirements,  a  specific  solution  is  required  such  as  a  self-contained,  autonomous,  self¬ 
testing  circuit.  This  Built-In  Self-Test  (BIST)  provides  a  means  to  monitor  and  maintain 
specific  components  remotely. 

The  focus  of  this  thesis  was  on  the  design  and  development  of  a  series  of  BISTs 
for  use  with  the  Configurable  Fault  Tolerant  Processor  (CFTP)  in  space  applications. 

The  results  of  this  thesis  are  detailed  designs  for  a  Random  Access  Memory  (RAM)  BIST 
and  a  Read-Only  Memory  (ROM)  BIST,  as  well  as  a  conceptual  design  for  a  Field  Pro¬ 
grammable  Gate  Array  (FPGA)  BIST.  These  designs  are  stored  on  board  the  CFTP  and 
are  made  to  operate  remotely  and  autonomously.  Together,  these  BISTs  provide  a  means 
to  monitor,  exercise,  and  test  the  CFTP  components  and  thus  facilitate  a  reliable  design. 


The  CFTP  is  an  experiment  being  conducted  at  the  Naval  Postgraduate  School 
(NPS)  that  attempts  to  demonstrate  flexibility  achieved  through  reprogrammable  and  re- 
configurable  technology.  The  CFTP  design  incorporates  Field  Programmable  Gate  Ar¬ 
rays  (FPGAs)  as  a  foundation  for  this  flexibility.  The  CFTP  is  designed  to  combat  the 
three  principal  errors  experienced  in  space  environments:  Total  Ionizing  Dose  (TID), 
Single  Event  Upset  (SEU),  and  Single  Event  Latchup  (SEL).  Through  careful  component 
selection,  TID  and  SEL  can  be  prevented,  while  a  fault  tolerant  scheme  is  needed  to  miti¬ 
gate  SEUs.  The  CFTP’s  fault-tolerant  architecture  is  accomplished  with  a  Triple- 
Modular-Redundant  design.  In  this  design,  three  processors  operate  in  lock  step  with  a 
majority  voter  evaluating  each  output,  and  correcting  any  errors  induced  from  SEUs. 

The  BIST  design  is  made  up  of  multiple  sub-designs,  each  designed  to  test  a  spe¬ 
cific  component  of  the  CFTP.  These  additional  designs  are  stored  on  board  the  CFTP 
and  are  made  to  operate  remotely  and  autonomously.  In  typical  approaches  of  this  fash¬ 
ion,  this  additional  circuitry  translates  to  an  overhead  in  the  overall  system  design  and 
functionality.  Fortunately,  due  to  the  reprogrammability  of  FPGA  devices,  the  additional 
circuitry  required  to  incorporate  a  BIST  can  be  maintained  in  the  system’s  configuration- 
storage  as  one  of  many  possible  system  configurations.  Therefore,  the  area  overhead  and 
performance  penalties  typically  associated  with  traditional  BIST  approaches  can  be 
avoided. 

One  of  the  components  to  be  tested  is  the  System-Memory,  RAM,  on  board  the 
CFTP.  Because  it  is  necessary  for  the  CFTP  to  store  and  retrieve  information  accurately 
from  its  memory,  proper  physical  and  electrical  operation  of  the  memory  components  and 
their  interconnect  is  required.  The  RAM  BIST  uses  a  method  of  writing,  reading  and 
verifying  specific  patterns  to  and  from  locations  in  the  System-Memory. 

Other  components  to  be  tested  are  the  configuration-storage  components, 
EPROM/PROM  and  Flash  Memory,  on  board  the  CFTP.  When  using  FPGAs  as  a  means 
to  replicate  architecture  and  functionality,  back-ups  and  variations  of  these  configurations 
need  to  be  maintained  in  some  form  of  a  configuration-storage  device.  These  devices  can 
be  one  of  many  forms  of  Read-Only  Memory  (ROM);  the  three  selected  for  the  CFTP  are 
EPROM,  PROM,  and  Flash  Memory.  The  ROM  BISTs  are  identical  and  use  a  method  of 
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calculating  a  checksum  signature  particular  to  the  data  stored  in  the  respective  devices 
and  comparing  it  to  the  correct  signature. 

The  final  components  discussed  are  the  FPGAs  themselves.  Because  they  are  the 
core  of  the  CFTP  design,  proper  operation  of  their  internal  and  external  characteristics  is 
critical.  In  this  portion  of  the  thesis,  research  is  presented  which  explains  the  process  of 
dividing  up  the  FGPA  into  groups  and  allowing  one  group  to  test  another  in  a  round- 
robin  fashion  until  all  the  groups  have  been  tested.  Furthermore,  this  chapter  discusses 
the  building  blocks  of  the  FPGA  and  testing  the  Configurable  Logic  Blocks  (CLBs),  the 
elements  used  in  constructing  representative  logic,  and  testing  the  interconnect  surround¬ 
ing  these  logic  blocks. 

Further  research  is  required  to  incorporate  these  designs  into  the  board-level  de¬ 
signs  for  the  CFTP  development  board,  qualification  board,  and  flight  models.  Each  sys¬ 
tem  may  require  slight  modifications  for  specific  protocol  requirements  (e.g.,  handshakes, 
timing,  etc.).  These  BISTs  are  an  excellent  means  to  provide  a  functional  baseline  prior 
to  environmental  testing  for  space  flight  qualification. 
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INTRODUCTION 


With  the  complexity  of  digital  systems,  reliability  considerations  are  important. 
Being  physical  devices,  digital  circuits  are  subject  to  failures  caused  by  faults.  A  fault  is 
defined  as  any  change  in  a  system  that  causes  it  to  behave  differently  from  the  original 
system.  In  digital  systems,  typical  maintenance  deals  with  detection,  location,  and  repair 
of  any  such  faults. 

In  many  digital  systems  it  is  desirable  to  continuously  monitor,  exercise  and  test 
the  system  in  order  to  determine  whether  the  system  is  performing  as  desired.  Such 
monitoring  may  enable  automatic  detection  of  failures  via  periodic  testing  or  through  the 
use  of  codes  and  checking  circuits  (e.g.,  built-in  self- testing).  In  such  systems,  special 
hardware  and  software  must  be  incorporated  in  the  system  to  obtain  these  reliability  ob¬ 
jectives.  This  thesis  will  address  problems  associated  with  testing  a  digital  system  to  de¬ 
tect  and  locate  faults.  Additionally,  the  thesis  addresses  the  design  of  self-testing  digital 
systems  in  which  faults  can  be  automatically  detected  for  key  components  of  the  digital 
system. 

While  any  complex  system  requires  testing  to  ensure  satisfactory  performance, 
satellite  systems  require  extensive  testing  for  two  additional  reasons:  they  operate  in  an 
environment  considerably  different  from  that  in  which  they  were  built  and  after  launch 
they  are  inaccessible  to  routine  maintenance  and  repair.  Because  of  these  unique  re¬ 
quirements,  a  specific  solution  is  required  such  as  a  self-contained,  autonomous  self¬ 
testing  circuit.  This  Built-In  Self-Test  (BIST)  provides  a  means  to  monitor  and  maintain 
specific  components  remotely. 

The  focus  of  this  thesis  was  on  the  design  and  development  of  a  series  of  BISTs 
for  use  with  the  Configurable  Fault  Tolerant  Processor  (CFTP)  in  space  applications. 

The  results  of  this  thesis  are  detailed  designs  for  a  Random  Access  Memory  (RAM)  BIST 
and  a  Read-Only  Memory  (ROM)  BIST,  as  well  as  a  conceptual  design  for  a  Field  Pro¬ 
grammable  Gate  Array  (FPGA)  BIST.  These  designs  are  stored  on  board  the  CFTP  and 
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are  made  to  operate  remotely  and  autonomously.  Together,  these  BISTs  provide  a  means 
to  monitor,  exercise,  and  test  the  CFTP  components  and  thus  facilitate  a  reliable  design. 

The  CFTP  is  an  experiment  being  conducted  at  the  Naval  Postgraduate  School 
(NPS)  that  attempts  to  demonstrate  flexibility  achieved  through  reprogrammable  and  re- 
configurable  technology.  The  CFTP  design  incorporates  Field  Programmable  Gate  Ar¬ 
rays  (FPGAs)  in  conjunction  with  Erasable  Programmable  Read-Only  Memory 
(EPROM),  Programmable  Read-Only  Memory  (PROM),  and  Flash  Memory  as  a  founda¬ 
tion  for  this  flexibility. 

The  CFTP  is  designed  to  combat  the  three  principal  errors  experienced  in  space 
environments:  Total  Ionizing  Dose  (TID),  Single  Event  Upset  (SEU),  and  Single  Event 
Latchup  (SEL).  TID  effects  can  be  addressed  by  hardening  or  shielding  the  device 
against  radiation,  while  SELs  can  be  dealt  with  by  through  fabrication  processes.  The 
CFTP  has  taken  a  unique  approach  to  mitigating  SEUs  by  incorporating  a  Triple  Modular 
Redundancy  (TMR)  design.  In  this  design,  three  processors  operate  in  lock  step  with  a 
majority  voter  evaluating  each  output,  and  correcting  any  errors  induced  from  SEUs. 
Chapter  2  continues  this  discussion  of  the  CFTP’s  background,  the  underlying  principles 
behind  its  inception,  as  well  as  a  description  of  the  specific  components  selected  and  the 
architecture  which  ties  them  together. 

Chapter  3  begins  the  discussion  of  the  BISTs  and  how  they  are  incorporated  into 
the  CFTP  design,  while  the  sections  within  describe  in  detail  the  individual  BIST  designs. 
The  BIST  design  is  made  up  of  multiple  sub-designs,  and  each  is  designed  to  test  a  spe¬ 
cific  component  of  the  CFTP.  These  additional  designs  are  stored  on  board  the  CFTP 
and  are  made  to  operate  remotely  and  autonomously.  In  typical  approaches  of  this  fash¬ 
ion,  this  additional  circuitry  translates  to  an  overhead  in  the  overall  system  design  and 
functionality.  Fortunately,  due  to  the  reprogrammability  of  FPGA  devices,  the  additional 
circuitry  required  to  incorporate  a  BIST  can  be  maintained  in  the  system’s  configuration- 
storage  as  one  of  many  possible  system  configurations.  Therefore,  the  area  overhead  and 
performance  penalties  typically  associated  with  traditional  BIST  approaches  can  be 
avoided. 
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The  first  BIST  design  described  in  Chapter  3  is  the  RAM  BIST.  One  of  the  CFTP 
components  to  be  tested  is  the  System-Memory,  RAM,  on  board  the  CFTP.  Because  it  is 
necessary  for  the  CFTP  to  store  and  retrieve  information  accurately  from  its  memory, 
proper  physical  and  electrical  operation  of  the  memory  components  and  their  intercon¬ 
nect  is  required.  The  RAM  BIST  uses  a  method  of  writing,  reading  and  verifying  spe¬ 
cific  patterns  to  and  from  locations  in  the  System-Memory. 

The  next  section  of  Chapter  3  describes  the  ROM  BIST.  After  the  System- 
Memory,  other  components  to  be  tested  are  the  configuration-storage  components, 
EPROM/PROM  and  Flash  Memory,  on  board  the  CFTP.  When  using  FPGAs  as  a  means 
to  replicate  architecture  and  functionality,  back-ups  and  variations  of  these  configurations 
need  to  be  maintained  in  some  form  of  a  configuration-storage  device.  These  devices  can 
be  one  of  many  forms  of  Read-Only  Memory  (ROM);  the  three  selected  for  the  CFTP  are 
EPROM,  PROM,  and  Flash  Memory.  The  ROM  BISTs  are  identical  and  use  a  method  of 
calculating  a  checksum  signature  particular  to  the  data  stored  in  the  respective  devices 
and  comparing  it  to  the  correct  signature. 

The  final  BIST  discussed  in  Chapter  3  is  the  FPGA  BIST.  Because  the  FPGAs 
are  the  core  of  the  CFTP  design,  proper  operation  of  their  internal  and  external  character¬ 
istics  is  critical.  In  this  portion  of  the  thesis,  research  is  presented  which  explains  the 
process  of  dividing  up  the  FGPA  into  groups  and  allowing  one  group  to  test  another  in  a 
round-robin  fashion  until  all  the  groups  have  been  tested.  Furthermore,  this  chapter  dis¬ 
cusses  the  building  blocks  of  the  FPGA  and  testing  the  Configurable  Logic  Blocks 
(CLBs),  the  elements  used  in  constructing  representative  logic,  and  testing  the  intercon¬ 
nect  surrounding  these  logic  blocks. 

Finally,  Chapter  4  brings  to  light  some  conclusions  as  well  as  needed  research. 
Further  research  is  required  to  incorporate  these  designs  into  the  board-level  designs  for 
the  CFTP  development  board,  qualification  board,  and  flight  models.  Each  system  may 
require  slight  modifications  for  specific  protocol  requirements  (e.g.,  handshakes,  timing, 
etc.).  These  BISTs  are  an  excellent  means  to  provide  a  functional  baseline  prior  to  envi¬ 
ronmental  testing  for  space  flight  qualification. 
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II.  CONFIGURABLE  FAULT  TOLERANT  PROCESSOR  DESIGN 


In  order  to  give  context  to  this  thesis,  a  brief  discussion  of  the  Configurable  Fault 
Tolerant  Processor  (CFTP)  design  is  required.  This  discussion  includes  key  issues  with 
space  environments  and  their  source  for  errors  in  logical  circuits,  as  well  as  the  method  in 
which  CFTP  deals  with  these  concerns.  Additionally,  this  chapter  describes  the  design 
framework,  solution,  and  the  state  of  the  CFTP  to  date. 

A.  BACKGROUND 

Close  to  the  earth’s  surface,  within  the  atmosphere,  electrical  circuits  are  shielded 
from  many  of  the  effects  of  space,  like  radiation.  Leaving  the  earth’s  atmosphere,  a  cir¬ 
cuit  is  exposed  to  an  environment  heavily  populated  by  high-energy  ions  [1]. 


Figure  1.  Solar  Radiation.  (From  Ref.  [1].) 
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1.  Effects 

These  high-energy  ions  cause  several  types  of  errors  to  occur  in  electrical  circuits. 
Two  principal  types  of  errors  or  failures  the  CFTP  addresses  are  Total  Ionizing  Dose 
(TID)  and  Single  Event  Effects  (SEE)  [2].  Total  Ionizing  Dose  effects  contribute  to  the 
deterioration  of  a  device  over  time.  A  Single  Event  Effect  is  any  measurable  effect  to  a 
circuit  due  to  a  single  ion  strike.  Single  Event  Effects  include  Single  Event  Latchup 
(SEL)  and  Single  Event  Upset  (SEU)  [2],  Single  Event  Latchup  is  a  condition  that  may 
result  in  the  potentially  permanent  loss  of  device  functionality  due  to  a  single-event- 
induced  high-current  state.  SEU  is  a  condition  that  may  result  in  the  unwanted  change  of 
value  in  a  memory  cell  due  to  a  charge  absorbed  into  the  device  body. 

2.  Solution 

Table  1  summarizes  the  principal  effects  of  radiation  on  electronic  circuits  along 
with  several  methods  that  can  be  employed  to  combat  those  effects.  First,  TID  effects  are 
typically  addressed  with  Radiation-Hardened  (RAD HARD),  Radiation-Tolerant,  or 
shielded  devices  [2],  Second,  SELs  can  be  dealt  with  by  either  fabricating  devices  on  an 
epitaxial  substrate  or  incorporating  guard-ring  or  dielectric-isolation  processes  [2,  3]. 
Third,  SEUs  can  be  addressed  through  many  different  fault-tolerant  schemes  such  as  Tri¬ 
ple  Modular  Redundancy  (TMR),  Quadded  Logic,  or  Software  Fault  Tolerance  [3], 


Total  Ionizing  Dose 

>  Radiation  Hardening 

>  Shielding 

Single  Event  Latchup  (SEL) 

>  Epitaxial  Substrate 

>  Guard-Ring 
>Dielectric-Isolation 

Single  Event  Upset  (SEU) 

>TMR 

>  Quadded  Logic 

>  Software  Fault  Tolerance 

Table  1.  Radiation  Effects  and  Mitigation.  (After  Ref.  [2].) 


Table  2  provides  the  solution  that  the  CFTP  uses  to  mitigate  all  these  effects:  Ra¬ 
diation  Hardening  for  key  devices,  fabrication  of  these  on  epitaxial  substrates,  and  incor¬ 
porating  Triple  Modular  Redundancy  [4], 
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Radiation  Effect 

Mitigation  Techniques 

Total  Ionizing  Dose 

>  Radiation  Hardening 

Single  Event  Latchup  (SEL) 

>  Epitaxial  Substrate 

Single  Event  Upset  (SEU) 

>TMR 

Table  2.  Radiation  Effects  and  1 

Mitigation  Solutions  Selected. 

While  these  techniques  provide  a  solution,  there  are  trade-offs  in  the  form  of  per¬ 
formance,  cost,  and  availability  [4],  The  following  section  will  discuss  these  trade-offs  as 
well  as  the  basis  of  the  CFTP  technology,  re-programmability. 

B.  CONCEPT 

The  primary  objectives  in  developing  the  Configurable  Fault  Tolerant  Processor 
(CFTP)  were  three-fold  [5,  6],  First,  the  CFTP  was  to  demonstrate  the  applicability  of  a 
reconfigurable,  fault-tolerant  System-On-a-Chip  (SOC)i  for  space-based  applications. 
Second,  the  CFTP  was  to  demonstrate  the  use  of  reprogrammable  technology  in  space¬ 
craft  architectures.  Third,  the  CFTP  must  provide  a  reliable  design  to  accomplish  these 
reprogramming  and  reconfiguration  objectives.  The  CFTP  design  was  centered  on  a  re- 
configurable  system  instead  of  an  Application-Specific  Integrated  Circuit  (ASIC).  Cus¬ 
tom  built,  ASICs  are  expensive  and  inflexible.  Furthermore,  TID  and  SEL  mitigation 
must  be  applied  after  the  ASIC  is  designed.  By  utilizing  reprogrammable  devices  that  of¬ 
fer  design  flexibility,  CFTP  can  provide  faster  design  cycles  and  lower  costs  [7,  8]. 

These  benefits  in  time,  money,  and  effort  are  tremendous,  especially  by  providing  a  sys¬ 
tem  with  on-orbit  upgradeability  and  reconfigurability.  Using  this  technology  in  space¬ 
craft  architectures  decreases  development  time,  decreases  costs,  and  increases  reliability 
as  well  as  flexibility  in  hardware  development  and  implementation  [7,  8]. 

Radiation-Hardened  (RADHARD)  parts,  due  to  the  exacting  fabrication  require¬ 
ments  and  the  processes  involved  to  harden  the  devices  are  by  their  very  nature  slower, 
larger,  and  more  expensive  than  their  commercial  equivalents  [4],  Because  of  this, 
RADHARD  parts  lag  current  technology  and  are  possibly  years  old  by  the  time  of 
launch.  While  this  holds  true  to  some  extent  for  RADHARD  Field-Programmable  Gate 

1  An  integrated  embedded  computer  system  on  a  single  chip.  In  the  context  of  SRAM-based  FPGAs, 
this  usually  discounts  an  external  FPGA  configuration  ROM  and  external  RAM. 
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Arrays  (FPGAs)  too,  there  is  an  exception.  Because  FPGAs  are  designed  to  be  repro¬ 
grammable,  they  are  generic  in  their  design  and  not  application  specific.  So  while  the 
process  to  fabricate  a  RADHARD  FPGA  may  be  involved  and  costly,  they  are  still 
somewhat  readily  available  and  technologically  current.  Therefore,  a  system  designed  to 
incorporate  RADHARD  FPGAs  can  harness  the  radiation  mitigation  benefits  of  a 
RADHARD  device  as  well  as  the  availability  and  technology  of  non-RADHARD  de¬ 
vices.  Additionally,  the  inherent  reprogrammability  and  reconfigurability  FPGAs  bring 
to  the  CFTP  provide  a  medium  for  updateable  architectures  in  space  applications. 

Today,  once  a  satellite  is  in  orbit  making  hardware  changes  is  almost  always  im¬ 
possible.  Because  of  this,  many  research  facilities  have  been  searching  for  methods  to 
provide  on-orbit  satellite  servicing.  Solutions  range  from  physically  visiting  the  satellite 
with  an  autonomous  servicing  satellite,  as  with  the  Orbital  Express  program  and  seen  in 
Figure  2,  to  utilizing  proven,  reliable  uplink  communications,  as  with  the  CFTP  [9,  10]. 
The  CFTP  program  is  breaking  ground  in  on-orbit  servicing  using  reconfigurable  logic 
and  uploading  programmable  modifications  via  command  and  control  communications. 

If  successful,  tremendous  flexibility  will  be  achieved.  The  CFTP  could  be  reconfigured 
on-orbit  to  correct  errors,  meet  dynamic  mission  requirements,  upgrade,  or  serve  as  back¬ 
up  devices  to  several  on-board  systems. 


Figure  2.  Example  of  Satellite  Capture  for  On-Orbit  Servicing.  (After  Ref.  [10].) 
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The  CFTP  program  has  evolved  over  the  years  and  across  numerous  graduate  re¬ 
searchers.  It  has  evolved  from  its  beginnings  as  an  investigation  into  fault-tolerant  com¬ 
puting  techniques  into  an  exploration  of  the  applicability,  design  and  testing  of  using  re¬ 
programmable  and  reconfigurable  technology  in  space-based  applications  and  is  detailed 
in  References  [2,  4,  11-16].  These  individual  theses  have  sought  to  solve  unique  research 
questions,  and  have  cumulatively  established  a  significant  number  of  design  constraints. 
The  design  was  framed  around  using  Field-Programmable  Gate  Arrays  (FPGA)  as  a  basis 
for  a  SOC  design,  implementing  a  TMR- voting  scheme  for  fault-tolerance,  using  a  16-bit 
or  32-bit  processor  softcore2,  maximizing  the  use  of  Commercial  Of  The  Shelf  (COTS) 
technology,  and  introducing  real-time  on-orbit  reconfigurability.  The  physical  design 
constraints  are  a  Printed  Circuit  Board  (PCB)  5.3  x  7.3  inches,  with  a  slightly  modified 
PC  104  Bus  interface,  using  FPGA  and  COTS  devices,  all  with  a  targeted  maximum 
power  consumption  of  1 1  Watts  or  less  [17]. 

Figure  3  is  a  conceptual  illustration  of  the  CFTP  design  on  a  PCB  and,  while  it  is 
not  a  true  SOC,  it  is  close  with  a  total  chip  count  of  13.  Of  these  13  chips,  eight  are 
memory  chips,  two  are  FPGAs,  two  are  power  converters,  and  one  is  an  oscillator  [4], 

The  Processor  FPGA  is  the  large  block  in  the  top  left  (FPGA  2  -  containing  the  TMR 
scheme  outlined  within  it)  and  the  Controller  FPGA  is  in  the  lower  left  (FPGA  1  -  con¬ 
taining  the  configuration  control,  command  and  status  registers,  bus  interface  logic,  etc.). 
On  the  right  side  of  the  image  are  the  System-Memory,  configuration  memory,  and  left¬ 
over  discrete  components  such  as  capacitors,  resistors,  etc.  On-orbit,  the  CFTP  will  op¬ 
erate  with  either  a  triple-redundant  softcore  or  multiple  other  programmable  modules  to 
test  the  configurability  and  reconfigurability  of  the  system. 


2  Softcore  describes  the  concept  of  implementing  electronic  hardware  in  computer  code. 
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Figure  3.  CFTP  Conceptual  Illustration.  (After  Ref.  [4].) 


The  CFTP’s  radiation  tolerance  and  latchup  mitigation  are  accomplished  by  se¬ 
lecting  RADHARD  FPGAs  which  are  fabricated  on  an  epitaxial  substrate  for  both  the 
Processor  and  Controller  FPGAs,  RADHARD  Read-Only  Memory  (ROM)  for  the  Con¬ 
troller  FPGA’s  configuration-storage  device,  Flash  Memory  with  a  proven  radiation  per¬ 
formance  for  the  Processor  FPGA’s  configuration  storage-device,  Synchronous  Dynamic 
RAM  (SDRAM)  from  a  tested  and  qualified  batch  for  the  System-Memory,  and  perform¬ 
ance-proven  devices  commonly  used  in  the  space  industry  for  the  power  converters,  os¬ 
cillator,  and  discrete  components  [4],  While  the  FPGAs  are  hardened  to  the  effects  of 
TID  and  SEL,  these  mitigation  efforts  do  not  protect  the  system  from  SEUs.  As  previ¬ 
ously  mentioned,  SEUs  must  be  addressed  through  some  form  of  a  fault-tolerant  scheme. 
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The  CFTP’s  fault-tolerant  architecture  is  accomplished  with  a  Triple-Modular- 
Redundant  design.  In  this  design,  three  processors  operate  in  lock  step  with  each  output 
voted  on.  If  a  conflict  is  found  among  the  three  processors  (in  this  case  due  to  an  SEU- 
driven  error),  an  interrupt  routine  saves  and  reloads  the  faulty  processor  with  the  correct 
data  from  the  other  two,  as  opposed  to  traditional  methods  of  resetting  the  processors  to  a 
“trusted”  state  (re-initialize/re -boot/re-format)  which  results  in  a  potentially  significant 
amount  of  data  loss  [15].  Error-Detection- And-Correction  (ED  AC)  circuitry  is  used  for 
single-bit-error  correction  and  double-bit-error  detection  of  data  errors  in  the  System- 
Memory  [4],  By  incorporating  both  TMR  and  ED  AC  into  the  CFTP  architecture,  the  sys¬ 
tem  can  correct  for  any  errors  due  to  SEUs. 

C.  COMPONENTS 

The  main  components  of  the  CFTP  design  are  the  Processor  FPGA,  Controller 
FPGA,  Configuration  Storage,  and  System-Memory  [4],  The  devices  selected  for  the 
Processor  and  Controller  FPGAs  are  the  Xilinx  XQVR600-4CB228M  FPGA  (Figure  4 
shows  the  part  number  information)  [4,  18].  This  device  provides  a  gate  count  of 
661,1 1 1,  is  guaranteed  RADHARD  for  100  krad  of  TID,  SEL  immune,  and  comes  in  a 
228-pin  ceramic  quad  flat  package  [18,  19].  The  total  number  of  bits  required  to  config¬ 
ure  each  FPGA  is  3,607,968  bits  [21]. 


Example: 

Device  Type  — 

Speed  Gradefli 


XQVR1000  -4CG560 


J 


Manufacturing  Grade 
Number  of  Pins 
Package  Type 


Device  Ordering  Options 


Device  Type 


XQVR300 


XQVR600 


XQVR1000 


Package 

CB228 

228-pin  Ceramic  Quad  Flat  Package 

CG560 

560-column  Ceramic  Column  Grid  Package 

Notes: 

1 .  -4  only  sup  ported  speed  grade. 

2.  Class  Q  must  be  ordered  with  SMD  number 


Grade 

M 

Military  Ceramic 

Tc  =  -55°C  to  +125°C 

V 

QPro  Plus 

Tq  =  -55°C  to  + 1 25°C 

Q 

MIL-PRF-38535(2) 

Tc  =  -55°C  to  +125°C 

Figure  4.  Example  Xilinx  RADHARD  Device  Numbering.  (From  Ref.  [18].) 
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For  their  radiation  performance,  the  Intel  TE28F320C3BA  32-Mbit  Flash  Memory  was 
chosen  to  store  all  of  the  Processor  FPGAs  configurations  (Figure  5  shows  the  part  num¬ 
ber  information)  [4,  20].  At  32-Mbits  and  3,607,968  bits  per  configuration,  the  Intel 
Flash  Memory  is  capable  of  holding  up  to  eight  configurations  [21]. 


Figure  5.  Example  Intel  Flash  Memory  Device  Numbering.  (From  Ref.  [20].) 


Two  arrangements  were  chosen  for  the  Controller  FPGA’s  configuration-storage  device, 
an  Erasable  Programmable  Read-Only  Memory  (EPROM)  and  a  Programmable  Read- 
Only  Memory  (PROM).  The  former  device,  a  Xilinx  XCY18V04  ISP  EPROM  that  is  In- 
System  Programmable,  is  used  during  development  to  allow  for  changes  to  be  made  to 
the  Controller  FPGA’s  configuration  (Figure  6  shows  the  part  number  information)  [4, 
22],  At  4-Mbits  and  3,607,968  bits  per  configuration,  the  ISP  PROM  is  capable  of  hold¬ 
ing  one  configuration  [21].  The  latter,  a  Xilinx  XQR17V16  OTP  PROM  which  is 
RADHARD  and  One-Time  Programmable,  will  be  used  in  the  final  Flight  model  (Figure 
7  shows  the  part  number  information)  [4,  23].  At  16-Mbits  and  3,607,968  bits  per  con¬ 
figuration,  the  OTP  PROM  is  capable  of  holding  up  to  four  configurations  [21]. 
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Device  Number 


XC18V04 

XC18V02 

XC18V01 

XC18V512 


XC18V04  VQ44  C 


Package  Type 


Operating  Range/Processing 

C  =  (TA  =  -40°C  to  +85°C) 


VQ44  =  44-pin  Plastic  Quad  Flat  Package 
PC44  =  44-pin  Plastic  Chip  Carrier!* 1) 

SO20  =  20-pin  Small-Outline  Packaged) 
PC20  =  20-pin  Plastic  Leaded  Chip  Carrier!2) 


Notes: 

1.  XC18V04  and  XC18V02  only. 

2.  XC18V01  and  XC18V512  only. 

Figure  6.  Example  Xilinx  ISP  EPROM  Device  Numbering.  (From  Ref.  [22].) 


Device  Number 


Package  Type 


XQR1701L  CC44 


Grade  (Manufacturing  Flow/  Temperature 
Range) 


Device  Ordering  Options 


Device  Type 


XQ1701L 


XQR1701LC) 


Package 

CC44 

44-pin  Ceramic  Chip  Carrier  Package 

SO20 

20-column  Plastic  Small  Outline  Package 

Notes: 

1  Radiation  Hardened 


Grade 

M 

Military  Ceramic 

Tc  =  — 55°C  to  +125°C 

N 

Military  Plastic 

Tj  =  — 55°C  to  +125°C 

V 

QPro-Plus 

Tc  =  — 55°C  to  +125°C 

Figure  7.  Example  Xilinx  OTP  PROM  Device  Numbering.  (From  Ref.  [23].) 


A  batch  of  Hitachi  (now  Elpida)  HM5225405B-75/A6/B6  Synchronous  Dynamic  RAM 
(SDRAM),  with  a  proven  record  of  greater  than  40  krad  TID  and  an  SEL  threshold  of 
46.5  MeV-cm2/mg,  was  provided  by  SEAKR  Engineering  [4],  These  memory  chips  are 
used  for  the  CFTP  System-Memory  and  provide  256-Mbits  of  SDRAM  organized  as 
16,777,216  words  by  4-bits  by  4  banks  in  a  standard  54-pin  plastic  TSOP  II  [24], 

D.  ARCHITECTURE 

Putting  it  all  together,  Figure  8  shows  the  basic  architecture  of  the  CFTP  [4],  In 
its  default  configuration,  the  data  paths  flow  as  follows.  First,  power  on/reset  initiates 
configuring  the  Controller  FPGA  from  the  EPROM/PROM.  Second,  the  Controller 
sends  status  through  the  PC  104  onto  the  bus  and  receives  commands  and  data.  The  Con¬ 
troller  initiates  configuring  the  Processor  FPGA  from  the  Flash  Memory  through  the 
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Controller.  From  the  Processor  FPGA,  data  can  be  stored  and  retrieved  from  the  System- 
Memory.  Additional  data  paths  have  been  incorporated  to  allow  for  future  design  flexi¬ 
bility.  These  allow  for  additional  flow  of  data  between  FPGAs,  into  the  EPROM  and 
from  the  PC  104  Bus  [4], 


Figure  8.  CFTP  Architecture.  (From  Ref.  [4].) 
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E.  CFTP  STATUS 

In  2002,  the  CFTP  project  was  presented  to  both  the  Navy  and  DoD  Space  Ex¬ 
periments  Review  Board  (SERB)  and  was  selected  for  space  flight  and  manifested  on  two 
satellites:  Midshipman  Space  Technologies  Applications  Research  (MidSTAR-1)  and 
Naval  Postgraduate  School  Satellite  (NPSAT1).  Both  satellites  are  currently  scheduled  to 
launch  in  September  of  2006  into  a  Low  Earth  Orbit.  Figure  9  shows  the  launch  configu¬ 
ration,  with  both  satellites  mounted  via  an  Expendable  Launch  Vehicle  (ELV)  Secondary 
Payload  Adapter  (ESP A)  [25].  As  a  result,  both  satellites  will  release  into  relatively  simi¬ 
lar  orbits  and  are  expected  to  provide  very  comparable  data.  In  2003,  the  CFTP  Project 
has  already  attended  the  Navy  SERB  and  the  DoD  SERB  seeking  a  flight  that  will  subject 
CFTP  to  a  higher  degree  of  radiation  exposure  [5,  6], 


1 


Figure  9.  ESPA  Configuration.  (After  Ref.  [25].) 
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F.  CHAPTER  SUMMARY 

This  Chapter  provided  background  information  significant  to  the  design  process 
of  the  CFTP.  Fundamental  to  the  design  goals  for  the  CFTP  are  the  concepts  of  immu¬ 
nity  from  the  effects  of  a  space  environment,  designing  a  system  with  a  reconfigurable 
and  reprogrammable  architecture,  and  maximizing  reliability. 

With  an  understanding  of  the  design  and  the  components  involved,  the  next  chap¬ 
ter  focuses  on  the  system’s  functionality.  Chapter  III  explores  the  design  of  a  hardware 
self-test  which  the  CFTP  can  utilize  to  test  components  and  their  interconnections  in  or¬ 
der  to  determine  whether  a  device  or  the  system  as  a  whole  is  faulty  or  fault-free. 
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III.  BUILT-IN  SELF-TEST 


This  chapter  presents  an  introduction  to  the  Built-In  Self-Test  (BIST),  including 
what  it  is  and  how  it  works,  as  well  as  the  actual  tests  themselves.  The  intent  is  to  estab¬ 
lish  the  basic  principles  used  in  designing  the  BIST  and  then  present  the  resulting  self¬ 
test. 

A.  AN  INTRODUCTION  TO  BIST 

This  Section  begins  with  an  explanation  of  the  BIST  concept,  its  basic  architec¬ 
ture,  as  well  as  the  primary  advantages  and  disadvantages  of  incorporating  this  self-test 
design  into  a  system. 

1.  What  is  BIST? 

BIST,  in  its  simplest  form,  is  a  circuit  that  tests  itself  to  determine  if  it  is  fault- free 
or  faulty  [3].  Usually  this  entails  incorporating  additional  circuitry  and  functionality  into 
the  design  of  the  circuit  in  order  to  accomplish  the  self-testing  aspect.  This  additional 
circuitry  and  functionality  must  generate  test  patterns  and  provide  a  means  to  analyze  the 
output  response  [26],  The  output  responses  of  the  Circuit  Under  Test  (CUT)  must  corre¬ 
spond  to  the  test  patterns  in  order  to  pass  as  a  fault-free  circuit. 

Fortunately,  due  to  the  reprogrammability  of  FPGA  devices,  the  additional  cir¬ 
cuitry  required  to  incorporate  a  BIST  can  be  maintained  in  the  system’s  configuration- 
storage  as  one  of  many  possible  system  configurations  (also  known  as  off-line  testing) 
[26].  Therefore,  the  area  overhead  and  performance  penalties  typically  associated  with 
traditional  BIST  approaches  can  be  avoided.  As  discussed  in  Chapter  II,  the  CFTP  de¬ 
sign  includes  Flash  Memory  and  EPROM/PROM  that  are  programmed  with  a  variety  of 
configurations.  Therefore  when  it  is  desired  to  operate  the  BIST,  an  FPGA  can  be  recon¬ 
figured  with  the  BIST  configuration.  Once  the  testing  is  complete,  the  CFTP  can  be  re¬ 
programmed  to  operate  with  one  of  multiple  system  functionalities.  In  doing  so,  the 
BIST  is  achieved  with  no  area  overhead  or  performance  penalty  to  the  system’s  function¬ 
ality. 
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2.  Basic  Architecture 

The  block  diagram  in  Figure  10  represents  the  basic  architecture  of  the  BIST  cir¬ 
cuitry.  The  BIST  architecture  includes  the  Test  Pattern  Generator  (TPG),  the  Output  Re¬ 
sponse  Analyzer  (ORA),  and  the  Test  Controller.  The  TPG  produces  a  sequence  of  pat¬ 
terns,  the  ORA  tests  the  output  responses  and  produces  a  Pass/Fail  signal,  and  the  Test 
Controller  initializes  the  BIST  and  maintains  the  operation  of  the  self-test.  Additionally, 
the  BIST  may  require  signals  for  starting  the  sequence  (BIST  Start),  reporting  the  results 
(Pass/Fail),  or  reporting  the  completion  of  the  sequence  (BIST  Done). 


Figure  10.  Basic  BIST  Architecture.  (After  Ref.  [26].) 

3.  Advantages  and  Disadvantages 

Table  3  lists  some  advantages  and  disadvantages  typical  to  most  BIST  applica¬ 
tions.  Case  studies  have  confirmed,  however,  that  the  advantages  of  BIST  routinely 
make  up  for  the  disadvantages  [26],  The  studies  have  shown  that  these  results  are  par¬ 
ticularly  true  when  the  BIST  is  an  off-line  test  routine  (negating  the  increase  in  chip  area 
and  performance  penalties).  The  remaining  savings  must  address  the  additional  design 
effort  and  project  risk.  The  studies  show  that  once  the  products  are  in  the  field  and  opera¬ 
tional,  the  device  may  undergo  repeated  testing  over  time;  the  development  testing  ac¬ 
counts  for  only  a  small  portion  of  the  total  tests  run  during  the  system’s  life-cycle  [26]. 
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Advantages 

Vertical  Testability  (wafer  to  system) 

Area  overhead 

High  diagnostic  resolution 

Performance  penalties 

At-speed  testing 

Additional  design  time  and  effort 

Reduced  need  for  external  test  equipment 

Additional  risk  to  project 

Reduced  test  development  time  and  effort 

More  economic  bum-in  testing 

Reduced  manufacturing  test  time  and  cost 

Reduced  time-to-market 

Table  3.  Summary  of  Advantages  and  Disac 

vantages  of  BIST.  (From  Ref.  [26].) 

Additionally,  BISTs  provide  an  advantage  specific  to  FPGAs  and  other  program¬ 
mable  devices.  That  is,  if  the  locations  of  faults  in  the  FPGA  can  be  determined,  then  the 
FPGA  can  be  reconfigured  to  avoid  the  faults  when  it  is  later  reprogrammed.  However, 
BISTs  also  have  a  disadvantage  specific  to  these  devices.  Systems  with  these  compo¬ 
nents  rely  on  stored  programs  to  define  them.  Incorporating  BISTs  require  dedicating 
one  or  more  of  these  stored  programs  to  testing,  leaving  less  for  the  overall  system  func¬ 
tions. 

4.  The  CFTP  Self-Tests 

As  discussed  in  Chapter  II  (and  shown  in  Figure  1 1),  the  CFTP  consists  of  13 
chips:  eight  memory  chips,  two  FPGAs,  two  power  converters,  and  one  oscillator.  The 
focus  of  the  BIST  developed  here  is  on  the  eight  memory  chips  and  two  FPGAs.  Of  the 
eight  memory  chips,  six  are  System-Memory  (i.e.,  RAM)  and  the  remaining  two  are  con¬ 
figuration-storage  devices  for  the  Controller  and  Processor  FPGAs  (i.e.,  PROM/EPROM 
and  Flash  Memory).  The  BISTs  contain  operations  specific  to  each  type  of  component 
and  are  divided  into  three  independent  tests:  RAM  BIST  (System-Memory),  ROM  BIST 

(configuration- storage  memory),  and  FPGA  BIST  (both  FPGAs).  The  test  sequence  for 
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these  BISTs  follows  the  order:  FPGA  BIST,  ROM  BIST,  and  then  RAM  BIST.  This  will 
allow  for  assurance  in  the  FPGAs  prior  to  loading  them  with  the  ROM  BIST.  Finally, 
once  the  PROM/EPROM  and  Flash  Memory  functionalities  are  confirmed,  the  RAM 
BIST  configuration  can  be  loaded. 


Figure  11.  BIST  Conceptual  Illustration.  (After  Ref.  [4].) 

The  objective  behind  creating  the  BIST  is  two-fold.  First,  in  development,  the 
CFTP  needs  a  functional  test  to  verify  its  mechanical  and  electrical  performance.  This 
functional  test  is  performed  at  ambient  temperature  and  pressure  conditions  prior  to  any 
simulated  space  environmental  tests  in  order  to  establish  a  performance  baseline.  After 
being  subjected  to  the  required  environments,  additional  functional  tests  are  conducted  to 
determine  the  impact  of  the  environments  on  the  CFTP.  This  process  is  used  to  qualify 
the  CFTP  design  for  spaceflight  [27].  Second,  once  the  CFTP  is  on  orbit  and  separated 
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from  the  development  laboratory  environment,  a  means  is  needed  to  diagnose  the  hard¬ 
ware  and  its  interconnect.  Because  the  CFTP  is  based  on  a  reprogrammable,  reconfigur- 
able  design,  the  physical  condition  of  the  system  is  critical  to  CFTP’s  functionality. 
Therefore,  while  on-orbit  at  power-on/reset  or  when  the  system  becomes  suspect,  the 
BIST  provides  a  method  to  diagnose  any  faults  that  occur  due  to  launch  or  on-orbit  envi¬ 
ronmental  conditions. 

The  following  sections  detail  each  portion  of  the  BIST  design  and  how  they  ad¬ 
dress  the  hardware  self-test  for  each  component;  specifically,  determining  if  the  CUT 
(i.e.,  RAM,  PROM,  EPROM,  Flash  Memory,  or  FPGA)  is  faulty  or  fault-free. 

B.  RANDOM  ACCESS  MEMORY  TESTING 

Once  the  prototype  CFTP  is  ready,  assurance  that  RAM  components  are  wired 
correctly  is  needed.  Additionally,  during  initial  operations  in  space,  confirmation  that  the 
various  memory  chips  are  working  properly  is  also  needed,  as  the  launch  environment  or 
radiation  effects  may  have  altered  their  operation.  It  may  also  be  desired  to  test  the  RAM 
each  time  the  system  is  powered-on  or  reset.  Correct  operation  of  the  RAM  components 
is  needed  to  provide  reliable  System-Memory  for  the  CFTP  system. 

At  first,  developing  a  Random  Access  Memory  (RAM)  test  seems  like  a  fairly 
simple  task.  However,  a  look  at  the  problem  more  closely  proves  that  it  can  be  difficult 
to  detect  subtle  memory  problems  with  a  simple  test.  In  fact,  it  is  tempting  to  mistakenly 
test  only  for  internal  memory  failures  and  neglect  other  possible  connections  to  memory 
problems. 

The  purpose  of  RAM  testing  is  to  confirm  that  each  storage  location  in  a  memory 
chip  is  working.  In  other  words,  if  a  value  is  stored  at  a  particular  address,  it  is  expected 
to  find  that  value  stored  there  until  another  value  is  written  to  that  same  address.  The 
idea  behind  the  memory  test,  then,  is  to  write  some  set  of  data  to  each  address  in  the 
memory  chip  and  verify  the  data  by  reading  it  back.  If  all  the  values  read  back  are  the 
same  as  those  that  were  written,  then  the  memory  chip  is  said  to  pass  the  test.  Careful  se¬ 
lection  of  the  set  of  data  values  must  be  made  to  insure  that  a  passing  result  is  meaning¬ 
ful. 
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Unfortunately,  this  type  of  Memory-test  is  destructive.  The  process  of  testing  the 
memory  causes  one  to  overwrite  its  contents.  Since  it  is  not  desired  to  overwrite  the  con¬ 
tents  of  nonvolatile  memories  (i.e.,  configuration-storage),  these  tests  can  only  be  used 
for  RAM  testing. 

1.  Memory  Problems 

Before  implementing  any  test  algorithms,  the  types  of  memory  problems  that  are 
likely  to  occur  need  to  be  identified.  Because  the  manufacturers  of  memory  chips  per¬ 
form  a  variety  of  post-production  tests  on  each  batch  of  chips,  if  there  is  a  problem  with  a 
particular  batch,  it  is  extremely  unlikely  that  one  of  the  bad  chips  will  make  its  way  into 
our  system. 

The  one  type  of  memory  chip  problem  that  may  be  encountered  is  one  due  to 
launch  or  space  environment  conditions.  On-orbit  and  space-based  applications  must 
consider  the  effects  that  the  space  environment  may  have  on  electrical  components.  If  a 
high-energy  charged  particle  penetrates  a  susceptible  portion  of  the  memory  structure 
shown  in  Figure  12,  it  may  produce  adverse  affects  on  the  expected  functionality.  In 
short,  a  Single  Event  Upset  (SEU)  could  affect  the  memory  chip  itself  or  the  memory 
controller  in  the  FPGA.  Additionally,  the  memory  chip’s  physical  connection  to  the 
Printed  Circuit  Board  (PCB)  may  be  altered  as  a  result  of  the  launch  or  on-orbit  environ¬ 
ment  also  affecting  the  expected  functionality. 
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Figure  12.  Basic  Memory  Structure. 


A  problem  encountered  with  the  internal  working  of  the  memory  chip  itself  is  a 
catastrophic  failure.  Any  sort  of  physical  or  electrical  damage  to  the  chip  would  cause 
this.  An  internal  memory  failure  will  affect  a  large  portion  of  the  chip  and  therefore 
should  be  detected  by  any  decent  test  algorithm.  Therefore,  the  goal  of  the  Memory-test 
is  to  be  able  to  detect  internal  memory  failures  without  specifically  looking  for  them. 

A  more  probable  source  of  actual  memory  problems  will  be  the  memory-to-FPGA 
interconnect.  The  following  is  a  look  at  the  interconnect  problems  in  more  detail. 
a.  Electrical  Wiring  Problems 

An  electrical  wiring  problem  can  be  caused  by  an  SEU  altering  the  inter¬ 
face  configuration  or  actual  data  being  transferred.  Each  of  the  wires  that  connect  the 
memory  chip  to  the  processor  is  one  of  three  types:  an  address  line,  a  data  line,  or  a  con¬ 
trol  line.  The  address  and  data  lines  are  used  to  select  the  memory  location  and  to  trans¬ 
fer  the  data,  respectively.  The  control  lines  tell  the  memory  chip  whether  the  processor 
wants  to  read  or  write  the  location  and  precisely  when  the  data  will  be  transferred. 
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Unfortunately,  one  or  more  of  these  wires  could  be  altered  in  such  a  way  that  it  is  either 
shorted  (i.e.,  connected  to  another  wire  in  the  circuit)  or  open  (not  connected  to  any¬ 
thing).  Both  cases  are  illustrated  in  Figure  13. 


(b)  Open  Wire 

Figure  13.  Possible  Wiring  Problems. 


Problems  with  the  electrical  connections  to  the  processor  will  cause  the 
memory  chip  to  behave  incorrectly.  Data  may  be  stored  incorrectly,  stored  at  the  wrong 
address,  or  not  stored  at  all.  Each  of  these  symptoms  can  be  explained  by  wiring  prob¬ 
lems  on  the  data,  address,  and  control  lines,  respectively. 

If  the  problem  is  with  a  data  line,  either  several  data  bits  may  appear  to  be 
“stuck  together”  (i.e.,  two  or  more  bits  always  contain  the  same  value,  regardless  of  the 
data  transmitted)  or  a  data  bit  may  be  “stuck-at-one”  (always  1)  or  “stuck-at-zero”  (al¬ 
ways  0).  These  problems  can  be  detected  by  writing  a  sequence  of  data  values  designed 
to  test  that  each  data  pin  can  be  set  to  0  and  1,  independently  of  all  the  others. 
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If  the  problem  is  with  an  address  line,  the  contents  of  two  memory  loca¬ 
tions  may  appear  to  overlap.  In  other  words,  data  written  to  one  address  will  actually 
overwrite  the  contents  of  another  address  instead.  This  happens  because  an  address  bit 
that  is  shorted  or  open  will  cause  the  memory  chip  to  see  a  different  address  than  the  one 
selected  by  the  processor. 

Another  possibility  is  that  one  of  the  control  lines  is  shorted  or  open.  Un¬ 
fortunately,  if  there  is  a  problem  with  a  control  line,  the  memory  will  probably  not  work 
at  all,  and  this  will  be  detected  by  all  of  the  memory  tests. 

b.  Chip  Connection  Problems 

If  a  memory  chip  connection  is  affected,  the  system  will  usually  behave  as 
though  there  is  a  wiring  problem  or  a  missing  chip.  In  other  words,  some  number  of  the 
pins  on  the  memory  chip  will  either  not  be  connected  to  the  PCB  at  all  or  will  be  con¬ 
nected  at  the  wrong  place.  These  pins  will  be  part  of  the  data  bus,  address  bus,  or  control 
wiring.  So  as  long  as  the  test  checks  for  wiring  problems,  any  improperly  connected 
chips  will  be  detected  automatically. 

2.  Developing  a  Test  Strategy 

RAM  testing  must  be  able  to  detect  both  internal  and  interconnect  errors.  Internal 
errors  will  probably  be  catastrophic  in  nature  and  will  be  detected  by  any  test.  A  more 
likely  source  of  problems  is  the  memory  interconnect,  where  a  wiring  problem  may  occur 
or  a  memory  chip  may  be  improperly  connected. 

By  carefully  selecting  the  pattern  and  the  order  in  which  the  addresses  are  tested, 
it  will  be  possible  to  detect  all  of  the  memory  problems  described  above.  By  also  break¬ 
ing  the  RAM  testing  into  small  pieces,  the  efficiency  of  the  overall  test  and  the  diagnosi- 
bility  of  the  schematics/code  will  be  improved. 

Three  individual  RAM  tests  will  be  used:  a  Data-Bus  test,  an  Address-Bus  test, 
and  a  Memory-Chip  test.  The  first  two  test  for  electrical  wiring  problems,  while  the  third 
is  intended  to  detect  catastrophic  failures.  As  an  unintended  consequence,  the  Memory- 
Chip  test  will  also  uncover  problems  with  the  control  bus  wiring,  though  it  cannot  pro¬ 
vide  useful  information  about  the  source  of  such  a  problem. 
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The  order  in  which  these  three  tests  are  executed  is  important.  As  depicted  in 
Figure  14,  the  proper  order  is:  Data-Bus  test  first,  followed  by  the  Address-Bus  test,  and 
then  the  Memory-Chip  test.  This  is  because  the  Address-Bus  test  assumes  a  working  data 
bus,  and  the  Memory-Chip  test  results  are  meaningless  unless  both  the  address  and  data 
buses  are  known  to  be  good.  If  any  of  the  tests  fail,  the  data  value  or  address  at  which  the 
test  failed  will  help  isolate  the  problem. 


DATA-BUS 

TEST 


> 


Figure  14.  Proper  Order  of  Memory-test  Components. 

3.  Data-Bus  Test 

The  first  test  is  the  Data-Bus  test.  This  test  should  confirm  that  the  memory  chip 
correctly  receives  any  value  placed  on  the  data-bus  by  the  processor.  The  most  obvious 
test  is  to  write  all  possible  data  values  and  verify  that  the  memory  chip  stores  each  one 
successfully.  However,  that  is  not  the  most  efficient  way  to  test  the  data  bus.  A  faster 
method  is  to  test  the  bus  one  bit  at  a  time.  The  data-bus  passes  the  test  if  each  data  bit 
can  be  set  to  0  and  1,  independently  of  the  other  data  bits. 

To  test  each  bit  independently  a  method  called  the  “sliding  ones  test”  will  be  per¬ 
formed  [28].  Table  4  shows  the  data  patterns  used  in  8-bit  and  24-bit  versions  of  this  test. 
The  name  of  this  test,  sliding  ones,  comes  from  the  fact  that  a  single  data  bit  is  set  to  one 
and  it  “slides”  through  the  entire  data  word.  The  number  of  data  values  to  test  is  the 


ADDRESS- 
BUS  TEST 
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same  as  the  width  of  the  data  bus.  This  reduces  the  number  of  test  patterns  from  2”  to  n, 
where  n  is  the  width  of  the  data  bus. 


Test  Pattern 

8-Bit  Binary 
Pattern 

24-Bit  Hex 
Pattern 

1 

0000  0001 

0000  0001 

2 

0000  0010 

0000  0002 

3 

0000  0100 

0000  0004 

4 

0000  1000 

0000  0008 

5 

0001  0000 

0000  0010 

6 

0010  0000 

0000  0020 

7 

0100  0000 

0000  0040 

8 

1000  0000 

0000  0080 

24 

NA 

0080  0000 

Table  4.  Consecutive  Data  Values  for  the  Sliding  l's  Test. 


Since  only  the  data-bus  is  being  tested  at  this  point,  all  of  the  data  values  can  be 
written  to  the  same  address.  Any  address  within  the  memory  chip  will  do. 

To  perform  the  sliding  ones  test,  the  first  data  value  in  the  table  is  written,  read 
back  and  verified,  the  second  value  is  written,  read  and  verified,  etc.  When  the  end  of  the 
table  is  reached,  the  test  is  completed.  If  the  data  test  fails,  it  will  return  the  data  value 
for  which  the  test  failed.  The  bit  that  is  set  in  the  returned  value  corresponds  to  the  first 
faulty  data  line,  if  any. 

4.  Address-Bus  Test 

After  confirming  that  the  data-bus  works  properly,  the  next  test  is  the  Address- 
Bus  test.  As  mentioned  earlier,  address-bus  problems  lead  to  overlapping  memory  loca¬ 
tions.  There  are  many  possible  addresses  that  could  overlap.  However,  it  is  not  neces¬ 
sary  to  check  every  possible  combination.  Instead,  following  the  example  of  the  Data- 
Bus  test,  each  address  bit  will  be  isolated  during  testing.  Then  the  test  will  verify  that 
each  of  the  address  pins  can  be  set  to  zero  and  one  without  affecting  any  of  the  others. 

The  smallest  set  of  addresses  that  will  cover  all  possible  combinations  is  the  set  of 
“power-of-two”  addresses  [28],  These  addresses  are  analogous  to  the  set  of  data  values 
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used  in  the  sliding  ones  test.  The  corresponding  memory  locations  are  0000  lh,  00002h, 
00004h,  00008h,  0001  Oh,  00020h,  etc.  (see  Table  5).  In  addition,  address  OOOOOh  must 
also  be  tested.  The  condition  of  overlapping  locations  makes  the  Address-Bus  test  harder 
to  implement.  After  writing  to  one  of  the  addresses,  the  test  must  check  that  none  of  the 
others  have  been  overwritten. 


8-bit  Hex  Address 

8-bit  Binary  Address 

OOh 

0000  0000 

Olh 

0000  0001 

02h 

0000  0010 

04h 

0000  0100 

08h 

0000  1000 

lOh 

0001  0000 

20h 

0010  0000 

Table  5.  “Power-of-Two”  Addresses. 


To  confirm  that  no  two  memory  locations  overlap,  the  test  will  first  write  some 
initial  data  value  at  each  power-of-two  address  within  the  memory  chip  (e.g.,  1010  1010 
or  AAh).  Then  a  new  value,  an  inverted  copy  of  the  initial  value,  is  written  to  the  first 
test  address  (e.g.,  0101  0101  or  55h),  and  verified  that  the  initial  data  value  is  still  stored 
at  every  power-of-two  address.  If  a  location  is  found,  other  than  the  one  just  written  to, 
that  contains  the  new  data  value,  a  problem  with  the  current  address  bit  has  been  found. 

If  the  Address-Bus  test  fails,  the  address  at  which  the  error  was  detected  will  be  returned. 

5.  Memory-Chip  Test 

Once  the  address  and  data-bus  wiring  are  verified  as  working,  it  is  necessary  to 
test  the  integrity  of  the  memory  chip  itself.  Every  bit  in  the  memory  chip  must  be  tested 
to  see  if  it  is  capable  of  holding  both  zero  and  one.  This  is  a  fairly  straightforward  test  to 
implement,  but  takes  significantly  longer  to  execute  than  the  previous  two. 

For  a  complete  Memory-Chip  test,  the  test  must  visit  (write  and  verify)  every 
memory  location  twice  [28],  Any  data  value  can  be  chosen  for  the  first  pass,  so  long  as 
the  test  inverts  that  value  during  the  second.  A  simple  example  is  an  “increment  test”  and 
“decrement  test.” 
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The  24-bit  data  values  for  an  increment  test  are  shown  in  the  first  two  columns  of 
Table  6.  The  third  column  shows  the  inverted  data  values  used  during  the  second  pass  of 
the  test.  The  latter  represents  a  decrement  test. 

Note  that  the  memory  locations  are  offset  from  the  increment  values.  Because 
each  memory  location  is  verified/read  immediately  following  the  corresponding  write,  it 
is  possible  that  the  data  read  back  would  be  just  the  voltage  remaining  on  the  data-bus 
from  the  previous  write  [28],  If  this  occurs,  it  will  appear  as  though  the  data  has  been 
correctly  stored  in  memory.  In  fact,  the  memory  chip  could  be  completely  disconnected 
and  the  test  would  still  appear  successful.  By  selecting  a  set  of  data  that  changes  with  the 
address  but  is  not  equivalent  to  that  address,  this  can  be  prevented.  If  the  Memory-Chip 
test  fails,  the  address  containing  an  incorrect  data  value  is  returned. 


Memory  Offset 

Binary  Value 

Inverted  Value 

OOh 

000001 

111110 

Olh 

000010 

111101 

02h 

000011 

111100 

03h 

000100 

111011 

3  Eh 

linn 

000000 

3Fh 

000000 

linn 

Table  6.  Data  Values  for  an  Increment  Test. 


6.  Designing  the  RAM  Test 

With  the  basic  theory  behind  the  RAM  self-test  presented  previously,  the  remain¬ 
der  of  this  section  will  discuss  the  development  of  the  programmable  System-Memory 
self-test  circuit  implemented  within  an  FPGA. 
a.  Overview 

The  block  diagram  in  Figure  15  is  the  RAM  test  circuit  which  is  imple¬ 
mented  within  an  FPGA  for  testing  of  CFTP’s  multiple  SDRAM  (System-Memory) 
chips.  The  precise  location  and  mode  of  a  detected  memory  failure  is  stored  in  a  Status 
Register,  which  is  routed  directly  to  output  pins.  These  output  pins  are  connected  from 
the  Processor  FPGA  to  the  PC  104  Bus  through  the  Controller  FPGA.  This  data  is  avail- 
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able  immediately  after  an  Output  Response  Analyzer  (ORA)  module  (e.g.,  the  Compara¬ 
tor)  triggers  the  fail  signal.  Any  time  the  expected  data  does  not  match  the  actual  data 
registered  in  the  Comparator,  the  device  asserts  a  fail  flag,  FLAG;  this  fail  signal  is  also 
ported  to  an  output  pin. 

A  single  clock  is  used  to  toggle  through  the  System-Memory  addresses 
and  control  the  reading,  writing  and  evaluation  of  data. 

Once  invoked,  an  external  reset  signal,  RESTART,  will  restart  the  Mem¬ 
ory-test  into  the  first  test  state.  During  the  reset  state,  the  test  State  Machine  will  remain 
in  a  wait  state  with  all  internal  registers  set  to  zero. 

A  pass  signal  will  be  directly  connected  to  an  output  pin.  The  pass  signal, 
PASS_ENABLE,  will  become  enabled  upon  completion  of  the  entire  test  cycle.  A 
counter  will  store  the  number  of  Memory-test  cycles  that  the  memory  has  been  able  to 
pass  without  failure. 
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Address  Counter  State  Machine  Pattern 


Figure  15.  Block  Diagram  of  the  RAM  Test. 
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Comparator 


b.  Circuit  Under  Test  (RAM) 

All  six  of  the  16-Mbit  x  4-bit  SDRAM  banks  are  cascaded  into  a  16-Mbit 
x  24-bit  RAM  module.  All  data-multiplexing  logic  is  contained  in  this  module.  In  each 
test,  data  is  written  to  specific  addresses  in  the  SDRAM  array  and  checked  some  clock 
cycles  later  (depending  on  the  test)  for  correctness  in  the  Comparator. 

c.  Test  Pattern  Generator  (Pattern) 

The  three  different  24-bit  words  listed  in  Table  7  are  written  to  the  RAM 
array  and  read  back  some  time  later  at  various  times  during  the  RAM  Test.  The  different 
patterns  are  generated  in  a  Test  Pattern  Generator  (TPG)  module  called  Pattern  and  are 
selectively  applied  to  the  RAM  array  depending  on  the  current  test  state. 


Pattern  1 

Sliding  Is 

Pattern  2 

AAAAAAh 

Pattern  3 

555555h 

Table  7.  RAM  Test  Patterns. 

The  Pattern  module,  shown  in  Figure  16  (see  Appendix  A  for  complete  in¬ 
ternal  schematics  and  VHDL  code),  consists  of  three  inputs  (clock,  state,  restart,  and 
flag)  and  two  outputs  (test  data  and  write  data).  The  clock  pin  is  connected  to  the  single 
clock  used  for  the  whole  system  and  the  restart  pin  is  connected  to  system’s  external  re¬ 
set  signal.  The  flag  pin  is  connected  to  the  Comparator  and  is  used  to  notify  the  Pattern 
module  that  a  test  has  failed.  The  8-bit  state  bus  is  connected  to  the  State  Machine  mod¬ 
ule  and  is  used  by  the  Pattern  module  to  base  decisions  on  which  pattern  from  Table  7  to 
output.  The  two  outputs  test_data  and  write_data  are  connected  to  the  Comparator  and 
RAM,  respectively,  and  carry  the  generated  output  pattern. 
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pattern 


Figure  16.  Pattern  Module. 


The  three  partial  Test-Bench  waveforms  shown  in  Figure  17  (see  Appen¬ 
dix  A  for  a  complete  Test-Bench  waveform)  demonstrate  the  module’s  ability  to  output 
varying  patterns  for  varying  tests  based  on  the  current  state.  Figure  17(a)  shows  the  slid- 
ing-ones  pattern  during  the  Data-Bus  test  being  written  and  read  back,  then  written  and 
read  back,  etc.  Figure  17(b)  demonstrates  the  module  writing  an  initial  pattern  to  mem¬ 
ory,  then  an  inverted  pattern,  and  finally  a  pattern  to  compare  when  data  is  read  back 
from  memory.  Lastly,  Figure  17(c)  shows  the  module  writing  and  reading  a  pattern  then 
writing  and  read  another  pattern;  therefore,  performing  a  write  and  read  twice  at  each 
location. 
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(c)  Memory-Chip-Test  Example 

Figure  17.  Pattern  Test-Bench  Waveform. 
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d.  Output  Response  Analyzer  ( Comparator) 

The  module  entitled  Comparator  is  designed  to  compare  a  24-bit  word 
which  is  read  from  the  RAM  to  the  same  test  data  word  which  was  written  to  the  RAM 
address  some  clock  cycles  earlier  (again  depending  on  the  test).  Whenever  a  fault  is  de¬ 
tected  during  one  of  the  test  states,  the  fail  flag  is  asserted.  As  long  as  the  test  data  from 
the  data  generator  matches  that  which  was  read  from  RAM,  the  fail  flag  is  not  asserted. 
Testing  continues  until  the  clock  is  disabled  or  the  external  reset  is  asserted. 

The  Comparator  module,  shown  in  Figure  19  (see  Appendix  A  for  com¬ 
plete  internal  schematics  and  VHDL  code),  consists  of  three  inputs  ( ram_data ,  test_data, 
and  comp_enable)  and  one  output  (fail).  The  24-bit  bus  ram_data  is  connected  to  the 
System-Memory  and  its  input  is  compared  by  the  Comparator  module  to  the  test_data- 
bus  input  from  the  Pattern  module.  Likewise,  the  24-bit  bus  test_data  is  connected  to  the 
Pattern  module  and  is  compared  by  the  Comparator  module  to  the  System-Memory  out¬ 
put.  The  comp_enable  pin  is  connected  to  the  Top-Level  Control  Logic  module  and  its 
input  controls  when  the  Comparator  should  conduct  a  comparison.  The  fail  pin  outputs 
the  result  of  the  comparison,  and  generates  a  signal,  flag,  if  the  comparison  fails. 

Comparator 

_ RAM_DATA(23:0)  FAIL - 

TEST_DATA(23:0) 

-  COMP  ENABLE 


Figure  18.  Comparator  Module. 
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A  partial  Test-Bench  waveform  shown  in  Figure  19  (see  Appendix  A  for  a 
complete  Test-Bench  waveform)  demonstrates  the  module’s  ability  to  compare  two  24- 
bit  signals  and  output  a  fail  signal  if  any  bit(s)  does  not  match. 
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Figure  19.  Comparator  Test-Bench  Waveform. 
e.  State  Machine 

Initially,  the  State  Machine  was  designed  with  a  very  low  threshold  for 
faults.  As  shown  in  Figure  20(a),  if  a  single  fault  was  detected  in  any  test  state  the  state 
machine  would  transition  to  a  freeze  state  (halting  the  execution  of  the  test)  and  remain 
there  until  the  external  reset  signal  was  asserted.  This  low  threshold  design  provides  very 
little  data  for  diagnosis.  With  the  one  fault,  a  single  capture  of  the  test’s  status  is  pro¬ 
vided  for  diagnosis  in  this  RAM  test  design.  Conversely,  a  design  with  a  high  threshold 
for  faults  provides  a  large  amount  of  data  for  diagnosis.  Because  of  the  remote  nature  of 
the  CFTP  on  board  a  satellite,  providing  as  much  information  as  possible  allows  the 
CFTP  to  take  advantage  of  its  reprogrammability/reconfigurability  and  design  around  the 
potential  faults.  Figure  20(b)  illustrates  the  chosen  state  machine  with  a  higher  threshold. 
With  each  fault  experienced,  a  capture  of  the  test’s  state  is  stored  and  the  test  is  contin¬ 
ued. 
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(a)  Low  Threshold  State  Machine 


(b)  High  Threshold  State  Machine 


Figure  20.  RAM  Test  State  Machine. 


36 


Fourteen  different  tests  (shown  in  Table  8)  must  be  conducted  in  order  to 
implement  the  Data,  Address  and  Memory-Chip  tests  that  were  described  earlier.  Within 
each  individual  test,  there  are  specific  operations  that  are  synchronized  to  a  variety  of 
signals,  such  as  enables,  resets  and  the  write  and  read  address.  Since  these  tests  and  op¬ 
erations  must  be  conducted  in  a  specific  order  and  must  transition  to  subsequent  opera¬ 
tions  depending  on  the  outcome  of  each  test,  a  State  Machine  module  is  used  for  arbitrat¬ 
ing  the  Memory  Test.  There  are  fourteen  different  states  that  are  controlled  by  the  state 
machine  logic.  Also  included  in  the  state  machine  are  delay  counters.  These  counters  set 
the  wait  intervals  that  are  necessary  for  ensuring  clean  test  transitions  as  well  as  to  create 
the  delay  needed  for  data  retention  testing. 


State  Name 

Operation  Performed 

Address 

Counter 

Pattern 

WAIT 

Wait 

N/A 

N/A 

DELAY_  COUNT 

Count  TBD  Clock  cycles 

N/A 

N/A 

DATAW 

Write  Sliding  1  s 
(at  base  address) 

N/A 

Sliding  Is 

DATAR 

Read  Sliding  Is 
(at  base  address) 

N/A 

Sliding  Is 

ADDRESSW 

Write  AAAAAAh 

P2_W 

AAAAAAh 

ADDRESSWL 

Write  AAAAAAh 
(to  last  address  800000h) 

P2_W 

AAAAAAh 

ADDRESSWI 

Write  555555h 
(inverted  pattern) 

P2WI 

555555h 

ADDRESSR 

Read  AAAAAAh 

P2_W 

AAAAAAh 

ADDRESSRL 

Read  AAAAAAh 
(from  last  address  800000h) 

P2_W 

AAAAAAh 

MEMORYWU 

Write  UP 

UPWA 

AAAAAAh 

MEMORYRU 

Read  UP 

UPRA 

AAAAAAh 

MEMORYWD 

Write  DOWN 

DNWA 

555555h 

MEMORYRD 

Read  DOWN 

DNRA 

555555h 

PASS 

Pass  state.  Continue  testing 
until  clock  stops 

N/A 

N/A 

Table  8.  Description  of  the  states  used  in  the  Memory  Test. 
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The  State  Machine  module,  shown  in  Figure  21  (see  Appendix  A  for  com¬ 
plete  internal  schematics  and  VHDL  code),  consists  of  four  inputs  ( clock,  restart,  flag, 
and  addr)  and  two  outputs  (pass_enable  and  state).  The  clock  pin  is  connected  to  the 
single  clock  used  for  the  whole  system  and  the  restart  pin  is  connected  to  system’s  exter¬ 
nal  reset  signal.  The  flag  pin  is  connected  to  the  Comparator  and  is  used  to  notify  the 
State  Machine  module  that  a  test  has  failed.  The  24-bit  addr  bus  is  connected  to  the  Top- 
Level  Control  Logic  module  and  feeds  the  current  memory  address  to  the  state  machine. 
The  state  machine  uses  this  address  signal  to  help  determine  state  transitions.  The 
pass_enable  pin  is  asserted  by  the  state  machine  when  it  completes  all  of  the  states  re¬ 
quired  to  test  the  RAM.  This  is  used  by  the  Top-Level  Control  Logic  module  to  count 
the  number  of  times  the  BIST  completes  a  full  RAM  test.  The  8-bit  state  bus  outputs  a 
number  sequence  for  each  state.  This  output  is  used  by  the  Pattern  and  Top-Level  Con¬ 
trol  Logic  modules  to  execute  specific  tasks  during  specific  states. 


state_machine 

clock  pass_enable 

restart 

flag 

state(7:0) 

addr(23:0) 

F igure  2 1 .  State  Machine  Module . 
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The  three  partial  Test-Bench  waveforms  shown  in  Figure  22  (see  Appen¬ 
dix  A  for  a  complete  Test-Bench  waveform)  demonstrate  the  module’s  ability  to  take  in 
address  inputs  and  make  transitions  between  states.  Figure  22(a)  shows  the  module  in¬ 
crementing  through  the  different  write  and  read  states  during  the  Data- Bus  test.  Figure 
22(b)  demonstrates  the  module  executing  the  state  which  writes  to  all  the  power-of-two 
addresses,  until  the  last  address  (i.e.,  800000h)  is  reached  and  the  state  transitions  from 
state  40  to  41.  In  state  41  the  state  writes  to  the  last  address.  In  state  42,  the  inverted  pat¬ 
tern  is  written  to  memory.  Finally,  during  state  43  and  CO,  the  patterns  are  read  and  veri¬ 
fied  from  each  power-of-two  address  (CO  reads  the  last  address,  800000h).  Figure  22(c) 
shows  the  module  transitioning  between  states  which  incrementally  write  and  read  (i.e., 
state  F8  and  F9  respectively)  and  states  which  decrementally  write  and  read  (i.e.,  FA  and 
FB  respectively). 


Time  (ns) 
CLOCK 
RESTART 
FLAG 

ADDR[23:0] 
STATE[7:Q] 
PASS  ENABLE 


ru 


Time  (ns) 
CLOCK 
RESTART 
FLAG 


|0 

|  100 

1 200 

|  300 

1 400 

|  500 

1 600 

1 700 

1 800 

1 900  | 

cr“v_ 

1 

Ao 

-jrr_v- 

_fr-y_ 

_^TA_ 

_j^TA_ 

fnPx 

0 

000000 

AoU 

X  01 

01 

01 

01 

X"02 

X"03 

~K04~ 

X<>5 

X06 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

(a)  Data-Bus  Test  Example 

1 6000 

|  6100 

1 6200 

|  6300 

1 6400 

|  6500 

1 6600 

1 6700 

1 6800 

| 6900  ! 

ru 


ADDR[23:0] 

OZ> 

000001 

J( 000002 

3(000004  X  800000  X  000001 

000001 

(X  000002  X  800000  X  000001  X  000002  X 

STATE[7:0] 

X  40 

40 

40  X  41  X  42 

“7(43 

43 

~Tc0  X44  44 

PASS  ENABLE 

a 

0 

0 

0  0  0 

0 

0 

0  0  0 

Time  (ns) 

|20000 

|20100 

(b)  Address-Bus  Test  Example 

|20200  |20300  | 20400  | 20500  | 20600 

|20700  |20800  1 20900  | 

CLOCK 

RESTART 

ru  ^20l\  f202\  /203\  ^204\  fl05\,  ^206\  ^207\  f208\  f209\.  fTlOV 

o 

FLAG 

ADDR[23:0] 

EZ> 

000000 

"X  000001  X  FFFFFF  X  000000  X  00000F  X  FFFFFF 

FFFFFF  X  EEEEEE  X  000000  XfFFFEFX 

STATE[7:0] 

a 

F8 

F8 

F8  XXF9  F9 

F9 

“Tfa 

FA  FA  XFB 

PASS  ENABL E 

■a 

0 

0 

0  0  0 

0 

0 

0  0  0 

(c)  Memory-Chip  Test  Example 


Figure  22.  State  Machine  Test-Bench  Waveform. 
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f.  Address  Counter  (Counter) 

Every  address  in  the  RAM  array  under  test  is  evaluated  many  times;  the 
use  of  counters  to  supply  encoded  address  bits  to  the  memory  address  decoders  provide 
an  easy  way  to  synchronously  address  the  embedded  RAM  array  during  self-testing.  Ad¬ 
dress  Counter-Control  logic  is  contained  in  the  Test  Controller  module  (i.e.,  the  Top- 
Level  Control  Logic)  where  the  counters  are  instantiated.  Some  of  the  RAM  tests  require 
testing  to  begin  at  the  first  address  line  and  count  up,  begin  at  the  last  address  line  and 
count  down,  or  count  in  powers-of-two.  Therefore,  an  up-counter  module,  a  down- 
counter  module,  and  a  power-of-two  module  are  used.  Six  different  types  of  24-bit  ad¬ 
dress  counters  (16M  RAM  addresses  map  to  224  bits)  are  instantiated  in  the  Top-Level- 
Control  Logic  module:  read-address  up  counter  (UP_RA),  write-address  up  counter 
(UPWA),  read-address  down  counter  (DN_RA),  write-address  down  counter 
(DN  WA),  write  power-of-two  address  counter  (P2_W),  and  write-inverted3  power-of- 
two  address  counter  (P2_WI). 

The  Counter  module,  shown  in  Figure  23  (see  Appendix  A  for  complete 
internal  schematics  and  VHDL  code),  consists  of  four  inputs  (clock,  enable,  reset,  and  re¬ 
start )  and  two  outputs  (pass_enable  and  state).  The  clock  pin  is  connected  to  the  single 
clock  used  for  the  whole  system  and  the  restart  pin  is  connected  to  system’s  external  re¬ 
set  signal.  The  6-bit  enable  bus  is  connected  to  the  Top-Level  Control  Logic  module  that 
controls  which  of  the  six  address  counters  is  enabled.  The  6-bit  reset  bus  is  also  con¬ 
nected  to  the  Top-Level  Control  Logic  module  that  controls  when  the  counters  are  reset. 
The  24-bit  buses  UP  WA,  UPRA,  DN_WA,  and  DN_RA  are  used  during  the  Memory- 
Chip  Test  to  provide  the  appropriate  incrementing/decrementing  address  counter.  During 
the  Address  Test,  the  24-bit  buses  P2_W  and  P2_WI  provide  the  addresses  for  writing  a 
pattern  (i.e.,  AAAAAAh)  and  an  inverted  pattern  (i.e.,  555555h)  respectively.  During  the 
Data  Test,  a  hardwired  memory  address  is  used. 


3  Write-inverted  refers  to  the  fact  that  this  counter  is  used  specifically  for  the  Address  Test  states 
where  an  inverted  copy  of  the  pattern  is  written  to  memory. 
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CLOCK 

UP_WA(23:0) 

ENABLE(5:0) 

UP_RA(23:0) 
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RESTART 
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P2_W(23:0) 

P2_WI(23:0) 

Figure  23.  Counter  Module. 


A  partial  Test-Bench  waveform  shown  in  Figure  24  (see  Appendix  A  for  a 
complete  Test-Bench  waveform)  demonstrates  the  module’s  ability  to  enable  and  reset 
specific  counters  in  any  combination. 
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Figure  24.  Counter  Test-Bench  Waveform. 

g.  Test  Controller  (Top-Level  Control  Logic) 

All  of  the  modules  above  are  instantiated  and  connected  together  in  the 
Top-Level  Control  Logic  module.  The  Top-Level  Control  Logic  module  also  contains 
control  logic  to  handle  the  following  tasks: 

•  Synchronously  control  the  read/write  address  counter  enables  and  resets 
with  inputs  from  the  state  machine. 

•  Arbitrate  which  counters  (up  or  power-of-two)  are  used  to  send  encoded 
address  bits  to  RAM. 
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•  Dictate  to  the  Comparator  when  it  is  to  test. 

•  Create  a  counter  for  keeping  track  of  the  number  of  consecutive  passing 
test  cycles.  The  PASSENABLE  signal  for  this  counter  is  asserted  by  the 
state  machine  module  at  the  completion  of  each  passing  test  cycle. 

•  Assign  internal  test  signals  to  output  pins  in  order  to  enhance  the  ob¬ 
servability  of  the  RAM  self-testing. 

Five  modules  are  used  to  accomplish  these  different  tasks;  they  are: 
Counter-Control,  Counter-Decode,  Compare-Enable,  Pass-Counter,  and  Status. 

(1)  Counter-Control  Module.  The  Counter-Control  module, 
shown  in  Figure  25  (see  Appendix  A  for  complete  internal  schematics  and  VHDL  code), 
consists  of  one  input  {state)  and  two  outputs  ( reset  and  enable).  Based  on  the  current 
state  fed  to  the  module,  the  Counter-Control  module  determines  the  appropriate  reset  and 
enable  commands  for  the  Counter  module. 

counter_control 

|  state(7:0)  reset(5:0)  | 

enable(5:0)  | 

Figure  25.  Counter-Control  Module. 

(2)  Counter-Decode  Module.  The  Counter-Decode  module, 
shown  in  Figure  26  (see  Appendix  A  for  complete  internal  schematics  and  VHDL  code), 
consists  of  seven  inputs  {state,  addressl,  address2,  address 3,  address4,  address5,  and 
address6)  and  two  outputs  (rtwf  and  addr).  Based  on  the  current  state  fed  to  the  module, 
the  Counter-Decode  module  determines  which  address-bus  from  the  Counter  module 
should  be  routed  to  the  RAM  and  State  Machine  module. 
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counter  decode 


I  state(7:0) 

1 - :  address1(23:Q) 

| _ ]  address2(23:0) 

| - acldress3(23:0) 

]  address4(23:Q) 

address5(23:0)  rtwf 

address6(23;0)  addr(23:0)  ~  I 

Figure  26.  Counter-Decode  Module. 

(3)  Compare-Enable  Module.  The  Compare-Enable  module, 
shown  in  Figure  27  (see  Appendix  A  for  complete  internal  schematics  and  VHDL  code), 
consists  of  one  input  {state)  and  one  output  ( comp_enable ).  Based  on  the  current  state 
fed  to  the  module,  the  Compare-Enable  module  asserts  the  comp_enable  signal  to  enable 
the  Comparator  module  to  compare  the  output  of  the  memory  location  (i.e.,  ram_data) 
with  the  expected  pattern  (i.e.,  testjdata). 

c°mp_en 

state(7:0)  comp_enable - 

Figure  27.  Compare-Enable  Module. 

(4)  Pass-Counter  Module.  The  Pass-Counter  module,  shown  in 
Figure  28  (see  Appendix  A  for  complete  internal  schematics  and  VHDL  code),  consists 
of  three  inputs  ( enable ,  clock,  and  reset)  and  one  output  (Num _passes).  The  Pass- 
Counter  module  is  a  simple  counter.  The  module  is  clocked  by  the  pass_enable  signal 
generated  by  the  State  Machine  Module.  Each  time  the  state  machine  completes  the  test 
sequence  and  asserts  the  pass_enable  signal,  the  Pass-Counter  module  will  be  clocked 
and  therefore  increment  its  counter. 
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pass_counter 


ENABLE 

Num_Passes(23:0) 

CLOCK 

RESET 

Figure  28.  Pass-Counter  Module. 


(5)  Status  Module.  The  Status  module,  shown  in  Figure  29 
(see  Appendix  A  for  complete  internal  schematics  and  VHDL  code),  consists  of  four  in¬ 
puts  (flag ,  state,  addr  and  test_data )  and  three  outputs  (location,  mode,  and  data).  When 
the  Status  module  detects  that  the  flag  signal  has  been  asserted,  it  captures  the  current 
state,  address  and  pattern. 


status 


flag 

state(7:0) 

location(23:0) 

mode(7:0) 

addr(23:0) 

test_data{23:0) 

data{23:0) 

Figure  29.  Status  Module. 


The  combination  of  the  last  four  modules  make  up  the  Control 
Logic  Module  shown  in  Figure  30  (see  Appendix  A  for  complete  internal  schematics  and 
VHDL  code). 
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controljogic 
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RESTART 

TEST_DATA(23:0) 
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NUM_PASS(23:0) 


Data(23:0) 


Figure  30.  Control  Logic  Module. 


Finally,  Figure  3 1  shows  the  results  of  combining  all  of  the  mod¬ 
ules  into  the  completed  design  (see  Appendix  A  for  complete  internal  schematics,  VHDL 
code,  and  Test-Bench  waveforms). 
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Figure  3 1 .  Complete  RAM  Test  Design. 
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7.  Testing  the  Test 

The  RAM  BIST  design  shown  in  Figure  31  does  not  include  a  RAM  module. 
During  development  of  the  RAM  BIST,  a  place-holder  for  the  CFTP  System-Memory 
was  needed  but  the  actual  test  is  connected  to  memory  components.  The  absence  of  these 
memory  components  in  the  RAM  BIST  provides  a  means  to  inject  errors.  One  of  the 
Comparator  module’s  inputs,  RAM _D AT  A  which  is  normally  data  read  from  RAM,  is 
now  an  input  to  the  RAM  BIST.  In  the  Test-Bench,  this  input  is  used  to  insert  both  cor¬ 
rect  and  erroneous  data  values  in  order  to  test  the  RAM  BIST’s  ability  to  detect  errors. 

8.  Conclusions  and  RAM  BIST  Implementation 

This  section  has  provided  a  detail  description  of  the  RAM  BIST  design  and  how  it 
addresses  the  hardware  self-test  for  CFTP’s  System-Memory  components.  The  RAM 
BIST  is  accomplished  in  a  single  configuration  and  is  implemented  in  the  Processor 
FPGA.  Access  to  CFTP’s  System-Memory  is  only  through  the  Processor  FPGA;  there¬ 
fore,  access  to  RAM  from  the  Controller  FPGA  requires  configuring  the  Processor  FPGA 
to  allow  inputs  to  pass  through  to  outputs.  This  means  implementing  the  RAM  BIST  in 
the  Controller  FPGA  requires  two  configurations.  So,  in  order  to  reduce  the  number  of 
required  configurations  and  maintain  the  simplest  design,  the  RAM  BIST  is  implemented 
in  the  Processor  FPGA. 

The  next  section  focuses  on  the  design  of  a  data-checksum  device  used  to  ensure 
that  data  is  correctly  maintained  in  the  EPROM/PROM  and  Flash  Memory  components. 

It  discusses  the  analysis,  design,  and  implementation  of  the  checksum. 
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C.  READ-ONLY  MEMORY  TESTING 

Once  the  prototype  CFTP  is  ready,  assurance  that  the  Erasable  Programmable 
Read-Only  Memory  (EPROM),  Programmable  Read-Only  Memory  (PROM),  and  Flash 
Memory4  components  are  wired  correctly  is  needed.  Additionally,  during  initial  opera¬ 
tions  in  space,  confirmation  that  the  various  ROM  chips  are  working  properly  is  also 
needed,  as  the  launch  environment  or  radiation  effects  may  have  altered  their  operation. 

It  may  also  be  desired  to  test  the  EPROM/PROM  or  Flash  Memory  each  time  the  system 
is  powered-on  or  reset.  Stored  in  ROM  are  the  different  CFTP  configurations.  Errors  in 
these  will  more  that  likely  make  a  configuration  unusable.  A  method  is  needed,  as  with 
the  RAM  test,  to  verify  that  each  storage  location  in  the  ROM  devices  is  working.  How¬ 
ever,  unlike  the  RAM  components  the  EPROM/PROM  and  Flash  Memory  are  nonvola¬ 
tile  memories,  so  the  method  of  writing  some  set  of  data  and  verifying  the  data  by  read¬ 
ing  it  back  will  not  work.  Instead,  the  CFTP  will  use  the  suspect  configuration  to  make  a 
unique  signature  which  can  be  compared  to  the  signature  from  the  correct  configuration. 
The  ROM  test  will  utilize  a  checksum  device  to  produce  a  sum,  the  signature.  This  sig¬ 
nature  can  then  be  compared  to  the  stored  expected  result  to  determine  whether  the  de¬ 
vice  has  experienced  any  hardware  faults. 

The  checksum  device  uses  a  state  machine  architecture  which  is  divided  into  three 
modules:  System ,  Data ,  and  Control.  The  System  module  is  the  overall  checksum  device, 
and  connects  the  Data  and  Control  modules.  The  Data  module  is  the  part  of  the  system 
that  stores,  moves,  and  transforms  data,  using  registers  to  hold  data  values  and  multiplex¬ 
ers  when  multiple  inputs  are  possible  [30].  The  Control  module  controls  the  data  trans¬ 
fers,  the  transformations,  and  the  sequencing  [30],  Inputs  to  the  Control  module  are  the 
conditions  generated  by  the  Data  module  plus  the  external  control  inputs.  The  outputs 
are  control  signals  that  are  distributed  to  the  corresponding  control  points  in  the  Data 
module  (i.e.,  multiplexers  and  registers).  There  are  several  common  approaches  for  the 
implementation  of  the  Control  module  [30],  First,  it  can  be  implemented  as  a  hardwired 
controller  in  the  sense  that  it  consists  of  a  fixed  state  transition  and  output  definition  and 

4  Because  Flash  Memory  is  non-volatile  memory  and  is  used  in  the  CFTP  design  similarly  to  an 
EPROM  device,  further  mention  in  this  section  of  ROM  will  include  Flash  Memory. 
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any  changes  to  the  controller’s  behavior  would  require  modifying  the  state  transitions  or 
output  definitions.  A  more  general  approach  is  to  implement  the  controller  as  a  micro¬ 
programmed  device,  one  that  has  a  fixed  state  transition  and  output  definition  part  but  its 
actions  are  programmed  much  like  a  regular  computer  Central  Processing  Unit  (CPU) 
[29,  30].  The  typical  implementation  methods  for  controllers  are  listed  in  Table  9. 


Fixed 

a. 

Register  (or  counter  or  shift  register)  +  gates 

i 

b. 

Register  (or  counter)  +  multiplexers 

c. 

Register  (or  counter)  +  ROM  or  PLA 

d. 

Programmable  Sequential  Array 

e. 

Microprogrammed  Controller 

f. 

Microprogrammable  Controller 

Programmable 

g- 

Microprocessor  as  controller 

Table  9.  Implementation  Approaches  for  Control  Subsystems.  (After  Ref.  [30].) 


A  general  controller  architecture  is  shown  in  Figure  32.  Note  that  the  System  has 
external  inputs  and  outputs  that  connect  to  either  of  the  two  internal  Data  or  Control 
subsystems.  As  mentioned  earlier,  the  main  purpose  of  the  System  is  to  connect  the  Data 
and  Control  subsystems. 
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Figure  32.  General  ROM  Test  Structure.  (After  Ref.  [30].) 
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The  design  methodology  includes  the  following  steps. 

1.  State  the  Problem  to  be  Solved 

The  checksum  device  maintains  a  running  sum  of  data  received  over  the  ROM 
data  bus.  The  PROM/EPROM  and  Flash  Memory  devices  selected  for  CFTP  all  operate 
with  an  8-bit,  parallel  interface  [22,  31,  24],  Therefore,  the  data  is  sent  as  many  bytes  of 
data.  The  checksum  device  sums  all  data  presented  to  it.  To  operate,  the  checksum  de¬ 
vice  is  set  to  run ,  given  data,  and  notified  that  there  is  new  data  to  sum.  For  example,  if 
the  ROM  contains  the  data  stored  in  Table  10,  the  checksum  device  is  given  data  inputs 
of  01,  02,  04,  08  in  hexadecimal. 


Table  10.  Example  ROM  contents. 
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This  produces  a  checksum  output  of  15,  or  OF  in  hexadecimal.  The  sequence  of 
external  Data  and  Control  signals  given  to  the  checksum  device  follow  steps  1-8  from 
Table  11. 


Step 

Data(hex) 

Run 

Newdata 

Result(hex) 

done 

1 

01 

0 

0 

00 

1 

2 

01 

1 

0 

00 

0 

3 

01 

1 

1 

01 

0 

4 

02 

1 

1 

03 

0 

5 

04 

1 

1 

07 

0 

6 

08 

1 

1 

OF 

0 

7 

08 

1 

0 

OF 

0 

8 

08 

0 

0 

OF 

1 

9 

10 

1 

0 

OF 

0 

10 

10 

1 

1 

10 

0 

Table  1 1 .  External  Data  and  Control  Signals. 


Note  that  step  9  begins  new  data,  indicated  by  run  changing  from  0  back  to  1 . 

The  computed  checksum  accumulates  as  0,  1,  3,  07,  15  (0,  1,  3,  7,  OF  in  hexadecimal).  In 
use,  the  stored  checksum  and  the  computed  checksum  are  then  compared  to  determine 
whether  the  data  had  been  correctly  stored  and  maintained  in  ROM.  The  checksum  de¬ 
vice  must  indicate  when  the  checksum  has  been  computed  (it  is  done)  so  that  an  external 
comparator  can  compare  the  computed  and  the  received  checksum  for  equality.  In  the 
example,  if  both  the  computed  and  received  checksum  are  OF,  then  the  received  data  is 
assumed  correct. 
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2.  Determine  the  Inputs  and  Outputs  for  the  Test  Device 

From  the  above  problem  statement,  the  required  inputs  and  outputs  are  deter¬ 
mined.  It  is  useful  to  look  at  the  connections/interface  for  the  CFTP  from  a  black-box 
perspective.  For  the  checksum  device  the  inputs  and  outputs  are  as  in  Figure  33  where 
Data  and  the  checksum  Result  are  n-bit  inputs  and  outputs,  while  run,  newdata,  and  done 
are  single-bit  control  signals. 


run 


ROM  TEST 
DEVICE 


—  done  — ► 


—  newdata  -► 


Figure  33.  ROM  Test  Module.  (After  Ref.  [29].) 
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3.  Define  the  States,  Transitions  and  Outputs  of  Each  State 

A  state  diagram  is  useful  to  help  determine  high-level  states  and  transition  condi¬ 
tions  [30],  Figure  34  illustrates  first  the  high-level  operations  necessary  (see  Figure 
34(a)).  These  high-level  operations  are  further  defined  as  control  outputs  of  multiplexers 
and  registers  (see  Figure  34(b)). 


(a)  High  Level  State  Diagram  (b)  Multiplexer/Register  Level  State  Diagram 

Figure  34.  ROM  Test  State  Diagram. 


This  state  diagram  defines  the  Control  module  shown  in  Figure  35  (see  Appendix 
B  for  complete  internal  schematics  and  VHDL  code). 
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done 
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muxSum 
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run 
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rResultLoad 

state(3:0) 

Figure  35.  Control  Module. 
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A  partial  Test-Bench  waveform  shown  in  Figure  36  (see  Appendix  B  for  a  com¬ 
plete  Test-Bench  waveform)  demonstrates  the  module’s  ability  to  take  in  inputs  and  make 
transitions  between  states. 
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Figure  36.  Control  Module  Test-Bench  Waveform. 


4.  Determine  the  Computational  Modules 

The  checksum  device  needs  a  method  to  add  a  registered  sum  to  incoming  data. 
This  can  be  implemented  using  a  simple  Adder  module  seen  in  Figure  37  (see  Appendix 
B  for  complete  internal  schematics  and  VHDL  code). 


adder 

a(1 5:0) 

sum(15:0) 

b(7:0) 

Figure  37.  Adder  Module. 

5.  Develop  a  Data  Subsystem  Module 

To  accomplish  steps  3-5  of  Table  11,  data  registers  are  required  to  hold  state  in¬ 
formation  and  multiplexers  are  needed  to  select  between  data  sources.  The  following 
paragraphs  describe  these. 
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a.  Registers 

The  general  rule  of  thumb  for  determining  what  requires  a  register  (e.g.,  a 
flipflops)  is:  if  a  value  must  be  maintained  through  multiple  states,  make  it  a  register  [32], 
The  other  option  is  to  set  the  value  in  each  state.  This  includes  any  internal  values  and 
outputs.  For  the  checksum  device,  there  is  Sum,  Result,  and  done  that  must  be  main¬ 
tained  through  multiple  states  or  set  in  each  state.  Sum  and  Result  must  be  in  /7-bit  regis¬ 
ters,  done  in  a  single-bit  register.  To  simplify  the  design,  only  the  /7-bit  values  (Sum  and 
Result)  will  be  treated  as  registers  (i.e.,  rSum  and  rResult).  When  to  assign  the  rSum  reg¬ 
ister  a  value  is  controlled  by  rSumLoad.  If  it  is  asserted,  the  register  value  changes  on  the 
clock  edge.  The  same  is  true  for  rResult.  The  purpose  of  rResult  is  to  hold  the  result  af¬ 
ter  the  checksum  is  computed  and  run=0  (execution  of  the  checksum  device  is  stopped), 
since  Sum=0  when  run=0. 

b.  Multiplexers 

The  need  for  a  multiplexer  (mux)  is  determined  by  whether  a  variable  has 
multiple  assignments  [30].  If  a  variable  has  only  one  assignment,  no  multiplexer  is  re¬ 
quired.  If  two  assignments,  a  two-input  mux  is  required,  four  assignments  requires  a  four 
input  mux,  etc.  The  checksum  device  has  one  variable,  Sum,  with  two  assignments  (i.e., 
Sum=0,  and  Sum=Sum+Data ).  The  multiplexer  selects  the  input  that  the  rSum  register 
receives.  When  the  control  signal  muxSum  is  0,  the  input  of  "000000000000000"  is  se¬ 
lected  and  when  muxSum  is  1  the  input  Sum+Data  is  selected. 


5  An  edge-triggered,  clocked  storage  unit  that  stores  a  single  bit  of  data.  A  low-to-high  transition 
on  the  clock  signal  changes  the  output  of  the  flipflop  to  the  value  of  the  data  input(s).  This  value  is  main¬ 
tained  until  the  next  low-to-high  transition  of  the  clock,  or  until  the  flipflop  is  reset  [30], 

55 


A  diagram  of  the  devices  and  connections  is  shown  in  Figure  38  and  can 
help  visualize  the  data  subsystem  architecture. 


Figure  38.  Data  Subsystem  Details. 


Figure  39  shows  the  Data  subsystem  module  (see  Appendix  B  for  com¬ 
plete  internal  schematics  and  VHDL  code).  The  Data  subsystem  module  receives  three 
Control  subsystem  module  inputs  (i.e.,  muxSum,  rSumLoad,  and  rResultLoad)  and  the 
Data  input,  then  outputting  the  Result.  Note  the  CLOCK  and  RESTART  inputs;  these  tie 
the  Data  module’s  registers  to  the  clock  used  for  the  whole  system  and  the  system’s  ex¬ 
ternal  reset  signal. 


Dataln(7:0)  Result(15:0) 


—  muxSum 

—  rSumLoad 

—  rResultLoad 

—  CLOCK 

—  RESTART 

F igure  39.  Data  Module . 
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A  partial  Test-Bench  waveform  shown  in  Figure  40  (see  Appendix  B  for  a 
complete  Test-Bench  waveform)  demonstrates  the  module’s  ability  to  store  and  sum  ap¬ 
propriately. 


Time  (ns) 

|o 

|  100 

1 200 

|  300 

1 400 

|  500 

|  600 

|  700 

|  800 

CLOCK 

ru  f  l  v_ 

_J2  y_ 

H  \ 

_ /  4  V_ 

_?5  \_ 

_ /  6  \_ 

f  i  \ 

_ f  8  y_ 

_^9  ' 

RESTART 

l=>  1 

“Ao 

Dataln[7:0] 

C3  03 

X06 

ZX04 

mux  Sum 

C3  0 

/i 

1 

“Ao 

rSumLoad 

1=3  0 

/i 

\o 

/T 

\0 

\0 

/i 

“Ao 

rResultLoad 

D  0 

J  i 

~Ao 

J i 

Ao 

j  i 

“Ao 

Result[15:0] 

a  ^Xoooo 

0000 

0000 

X  0003 

0003 

X  0009 

0009 

X  000D 

0001 

Figure  40.  Data  Module  Test-Bench  Waveform. 


6.  Develop  the  System  Module 

As  mentioned  earlier,  the  System  module  serves  to  connect  the  Data  and  Control 
subsystem  modules.  The  Control  subsystem  is  concerned  only  with  generating  control 
signals  while  the  Data  subsystem  is  concerned  only  with  operations  on  data.  From  the 
general  architecture  shown  in  Figure  32,  the  checksum  device  is  created  and  shown  in 
Figure  41. 
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F igure  4 1 .  System  Module. 
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A  partial  Test-Bench  waveform  shown  in  Figure  42  (see  Appendix  B  for  a  com¬ 
plete  Test-Bench  waveform)  demonstrates  the  module’s  ability  to  sum  a  consecutive  se¬ 
ries  on  data  inputs. 
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Figure  42.  System  Module  Test-Bench  Waveform. 


7.  Develop  the  Top  Level  Module 

The  Top-Level  module  serves  to  connect  the  System  module  with  a  Comparator 
module.  The  System  module,  shown  in  Figure  43,  generates  a  checksum  signature  while 
the  Comparator  module  compares  the  result  to  the  stored  expected  result.  The  Checksum 
module  shown  in  Figure  43  is  a  general  design.  For  a  design  specific  to  either  the 
EPROM/PROM  or  Flash  Memory  data,  the  correctResult  bus  is  hardwired  to  be  a  stored 
signature  specific  to  the  configuration(s)  stored  in  the  device  being  tested.  This  signature 
is  then  compared  to  the  checksum  result  from  the  System  module. 
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Figure  43.  Checksum  Module. 
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A  partial  Test-Bench  waveform  shown  in  Figure  44  (see  Appendix  B  for  a  com¬ 
plete  Test-Bench  waveform)  demonstrates  the  module’s  ability  to  execute  a  test  on  a  set 
of  data  whose  signature  should  be  00D. 
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Figure  44.  Checksum  Module  Test-Bench  Waveform. 


8.  Testing  the  Test 

Testing  the  ROM  BIST’s  ability  to  detect  errors  is  done  by  verifying  the  resulting 
sum  it  produces.  Two  methods  to  accomplish  this  are  either  to  feed  in  a  configuration 
with  an  erroneous  bit  or  to  compare  the  resulting  sum  with  an  incorrect  hardwired  signa¬ 
ture. 

The  checksum  signature  output  from  the  System  module  is  a  16-bit  value  created 
by  summing  8-bit  values.  While  summing  consecutive  8-bit  values  of  configuration  data, 
eventually  the  resulting  sum  will  overflow  the  16-bit  Result  bus.  Once  the  overflow  oc¬ 
curs,  technically  the  signature  is  no  longer  unique;  however,  the  probability  that  an  error 
would  cause  an  overflow  and  subsequently  the  correct  signature  is  extremely  low.  If  the 
CFTP  is  operating  in  an  environment  of  high  radiation  exposure  and  sufficient  concern 
exists  that  a  duplicate  signature  will  occur,  the  16-bit  Result  bus  can  be  expanded  to  an 
X-bit  bus  by  modifying  the  Data  Subsystem  module.  The  multiplexer  buses  will  need  to 
be  lengthened  and  the  16-bit  zero  changed  to  an  X-bit  zero.  The  16-bit  registers  will 
need  to  be  replaced  with  X-bit  registers.  Finally,  the  16-bit  buses  of  the  Adder  module 
will  need  to  be  expanded  and  the  8-bit  data  input  padded  with  zeros  to  make  an  X-bit  in¬ 
put  for  summing. 

9.  Conclusions  and  ROM  BIST  Implementation 

This  section  has  provided  a  detailed  description  of  the  ROM  BIST  design  and 
how  it  addresses  the  hardware  self-test  for  CFTP’s  configuration-storage  components.  In 
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the  case  of  the  ISP  EPROM  or  the  Flash  Memory,  where  the  stored  data  can  be  changed, 
anytime  the  data  is  modified  by  uploading  and  storing  a  new  configuration(s),  a  new 
EPROM  or  Flash  Memory  test  configuration  with  the  new  signature  must  also  be  stored. 
The  OTP  PROM  cannot  change  its  stored  data,  so  the  PROM  test  configuration  and  sig¬ 
nature  will  never  change. 

The  next  section  focuses  on  the  method  to  make  configurations  to  detect  internal 
and  external  FPGA  faults. 

D.  FIELD-PROGRAMMABLE  GATE  ARRAY  TESTING 

Once  the  prototype  CFTP  is  ready,  assurance  that  each  Field-Programmable  Gate 
Array  (FPGA)  device  is  wired  correctly  is  needed.  Additionally,  during  initial  operations 
in  space,  confirmation  that  the  two  FPGA  devices  are  working  properly  is  also  needed,  as 
the  launch  environment  or  radiation  effects  may  have  altered  their  operation.  It  may  also 
be  desired  to  test  FPGAs  each  time  the  system  is  powered-on  or  reset.  As  shown  in  Fig¬ 
ure  45,  FPGAs  are  made  up  of  an  array  of  configurable  logic  blocks  (CLBs)  surrounded 
by  configurable  input/output  blocks  (IOBs)  [21,  26], 
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This  array  of  CLBs  is  interconnected  by  a  programmable  routing  network,  or  gen¬ 
eral  routing  matrix  (GRM)  [21,  26].  The  GRM  is  an  array  of  switches  which  determine 
the  routing  of  wire  segments  at  the  intersections  of  the  rows  and  columns  of  the  array  of 
CLBs.  Each  CLB  is  made  up  of  logic  cells  (LCs)  which  are  the  core  elements  used  in 
constructing  the  representative  logic  [21].  IOBs  provide  the  interface  between  off-chip 
signals  and  the  CLBs  [21].  The  CLBs  and  their  interconnect  are  susceptible  to  a  range  of 
events,  such  as  SEUs  or  SELs,  which  may  cause  damage  or  faults  to  occur.  In  CLBs,  this 
damage  can  result  in  changes  to  the  circuit  that  the  LCs  were  meant  to  represent.  With 
interconnects,  this  damage  can  result  in  faulty  connections  between  CLBs  affecting  the 
operation  of  the  configured  circuit.  This  section  addresses  the  damage  or  faults  that  may 
occur  in  CLBs  or  interconnect  with  two  tests:  the  CLB  test  of  the  LCs  and  the  intercon¬ 
nect  test  of  the  wires  surrounding  the  CLBs. 

1.  Introduction 

As  mentioned  in  previous  sections,  by  configuring  the  test  logic  only  during  off¬ 
line  testing,  the  reprogrammability  of  the  FPGA  can  be  exploited  and  testability  is 
achieved  without  any  overhead.  This  is  due  to  the  fact  that  the  test  logic  disappears  once 
the  FPGA  is  reconfigured.  This  is  all  facilitated  by  means  of  configuration-storage,  the 
amount  available  of  which  determines  the  number  functions  the  FPGA(s)  can  operate  as. 
Therefore,  as  will  be  discussed  later,  trade-offs  must  be  balanced  between  the  amount  of 
storage  space  needed  for  configurations,  and  the  number  of  configurations  needed  to  per¬ 
form  the  desired  system  functions.  Additionally,  in  the  CFTP  architecture  the  two 
FPGAs  can  function  independently  so  they  can  be  tested  concurrently  and  therefore  re¬ 
duce  the  test  run-time. 

2.  Interfacing  with  the  Test 

When  designing  an  FPGA  test,  it  is  tempting  to  follow  the  assumption  that  access 
to  the  test  should  be  made  through  the  multiple  input/output  (I/O)  pins  on  the  FPGA. 

First  instincts  are  to  use  the  I/O  pins  for  initiation  of  the  test  sequence  and  obtaining  the 
pass/fail  status  at  the  end  of  the  sequence;  however,  this  would  not  be  the  best  method. 
This  use  of  I/O  pins  for  signals  make  the  FPGA  testing  difficult  since  it  is  not  known  a 
priori  which  I/O  pins  will  be  inputs  and  which  will  be  outputs.  The  most  logical  and 
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practical  interface  for  FPGA  testing  access  is  the  Boundary  Scan  Test  Access  Port  (TAP) 
interface  [26].  Because  there  exists  an  IEEE  Boundary  Scan  standard,  IEEE  1149.1, 
most  FPGAs,  including  those  chosen  for  the  CFTP,  support  reconfiguration  through  the 
IEEE  1 149.1  interface  [21,  33,  34],  Therefore,  Boundary  Scan  access  can  be  used  for 
downloading  the  test  configurations,  initiating  the  test  sequence,  retrieving  the  subse¬ 
quent  test  results  and  reconfiguring  the  FPGA  upon  completion  of  off-line  testing.  Using 
a  JTAG  interface  through  the  PC  104  Bus  interface  with  the  satellites,  initiation  of  FPGA 
tests  other  that  at  power-on/reset  are  signaled  via  a  Boundary  Scan  TAP. 

3.  The  Test  Process 

The  FPGA  test  process  is  a  sequence  of  test  phases  in  which  each  phase  consists 
of  the  following  steps:  1)  reconfigure  the  circuit,  2)  initiate  the  test  which  includes  gen¬ 
erating  test  patterns  and  analyzing  responses  to  produce  a  pass/fail  indication,  and  3)  read 
the  test  results  [26].  In  step  1  of  each  test  phase,  the  test  controller  must  configure  the 
FPGAs  from  their  respective  configuration-storage  devices.  In  step  2,  the  test  controller 
initiates  the  test  sequence  via  the  system’s  external  reset  signal.  Finally,  in  step  3  the 
pass/fail  results  of  the  test  are  retrieved  and  the  end  of  the  test  sequence  is  indicated  by  a 
done  signal. 

The  underlying  principle  for  both  the  CLB  test  and  the  interconnect  test  is  to  con¬ 
figure  one  group  of  CLBs  as  TPGs  and  another  group  of  CLBs  as  ORAs.  Recall  from 
previous  sections  and  Figure  10,  the  TPG  produces  a  sequence  of  patterns  for  testing  the 
CUT  and  the  ORA  compares  the  output  responses  from  the  CUT  to  produce  a  pass/fail 
indication.  In  the  CLB  test,  an  additional  group  of  CLBs  is  configured  as  blocks  under 
test  (BUTs);  while  in  the  interconnect  test  a  group  of  wire  segments  and  configuration  in¬ 
terconnect  points  (CIPs)  are  configured  as  wires  under  test  (WUTs)  [26],  By  closing  or 
opening  CIPs,  a  configuration  can  control  which  wire  segments  are  connected  or  discon¬ 
nected  between  CLBs,  thus  isolating  specific  WUTs. 
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In  the  Xilinx  Virtex  FPGAs,  each  CLB  is  made  up  of  two  LCs  that  provide  multi¬ 
ple  modes  of  operation  to  the  CLBs  [21].  As  shown  in  Figure  46,  a  4-input  function  gen¬ 
erator,  carry  logic,  and  storage  element  per  LC  allow  each  CLB  to  operate  in  a  Look-Up 
Table  (LUT)  mode  or  RAM  mode.  Because  there  are  multiple  modes  in  which  a  CLB 
can  operate,  during  the  CLB  test  the  BUTs  require  repeated  reconfiguration  in  order  to 
test  all  modes  [26].  Similarly,  during  the  interconnect  test  different  groups  of  WUTs  are 
configured  to  test  all  interconnect  resources.  Each  reconfiguration  of  the  FPGA  makes 
up  a  test  phase.  A  collection  of  test  phases  make  up  a  test  session.  One  test  session 
completely  tests  the  BUTs  in  all  their  modes  of  operation  or  tests  for  similar  types  of  in¬ 
terconnect  faults  in  WUTs.  Multiple  test  sessions  are  needed  to  completely  test  all  CLBs 
and  their  interconnect. 
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Figure  46.  Configuration  Logic  Block.  (After  Ref.  [21].) 
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4.  The  CLB  Tests 

As  mentioned,  each  CLB  can  operate  in  either  a  RAM  mode  or  a  LUT  mode.  In 
order  to  exhaustively  test  a  CLB,  each  of  these  modes  needs  to  be  tested.  Because  the 
RAM  mode  provides  higher  fault  detection,  it  is  tested  first  [26] .  During  the  RAM  mode, 
it  is  required  to  test  that  every  storage  location  is  working.  This  is  done  by  writing  some 
set  of  data  to  each  address  and  verifying  the  data  by  reading  it  back,  similar  to  the  RAM 
BIST.  During  the  LUT  mode,  inputs  are  tested  for  stuck-at  faults.  Utilizing  the  D  Algo¬ 
rithm  method,  faults  located  at  the  input  to  the  LUT  can  be  propagated  to  the  output  of 
the  LUT  [3].  The  XOR  gate  provides  good  controllability  and  observability  properties 
both  at  the  input  and  output.  Shown  in  Table  12,  the  2-input  XOR  gate  detects  stuck-at- 
zero  (s-a-0)  and  stuck-at-one  (s-a-1)  faults  on  both  lines  of  the  input,  for  every  input  pat¬ 
tern.  So  for  any  test  pattern,  if  a  fault  occurs  on  either  input  it  is  identified. 


xl  s-a-0 

xls-a-1 

x2  s-a-0 

x2  s-a-1 

q  s-a-0 

q  s-a-1 

00 

X 

X 

X 

01 

X 

X 

X 

10 

X 

X 

X 

11 

X 

X 

X 

Table  12.  Fault  Table  for  the  XOR  Gate.  (After  Ref.  [3].) 


The  Propagation  D  Cube,  shown  in  Table  13,  demonstrates  how  the  stuck-at  fault 
occurring  at  the  input  is  propagated  to  the  output,  thus  sensitizing  the  output  to  each  of 
the  input  lines.  A  value  D  (0  when  faulty  and  1  when  fault-free)  sensitizes  the  output 
with  a  value  D  or  D*  (1  when  faulty  and  0  when  fault-free).  Programming  the  LUT  as  a 
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4-input  XOR  gate  will  allow  the  BUT  to  propagate  a  fault  to  the  output.  Because  the 
LUTs  are  4-input  LUTs,  the  TPG  will  apply  all  24,  or  16,  test  vectors  to  the  LUT  inputs. 


xl 

x2 

q 

D 

1 

D* 

D 

0 

D 

1 

D 

D* 

0 

D 

D 

Table  13.  Propagation  D  Cube  for  the  XOR  Gate.  (After  Ref.  [3].) 


Figure  47(a)  is  an  example  of  a  CLB  test  session  configuration  and  Figures  47(b) 
and  (c)  outline  the  physical  and  functional  assignments  for  each  row  of  CLBs  in  the 
FPGA.  Once  the  BUTs  have  been  tested,  the  roles  of  the  CLBs  are  changed  so  that  in  the 
next  test  session  rows  that  were  BUTs  become  TPGs  or  ORAs  and  vice  versa.  Clearly,  if 
at  least  half  the  CLBs  are  BUTs  during  each  test  session,  only  two  test  sessions  are 
needed  [26].  This  is  accomplished  by  flipping  the  assignment  table  in  Figure  47(b)  about 
the  horizontal  axis,  making  the  assignments  as  shown  in  Figure  47  (c). 


row  of  TPGs 

row  of  BUTs 

row  of  BUTs 

row  of  ORAs 

row  of  ORAs 

row  of  BUTs 

row  of  BUTs 

row  of  ORAs 

row  of  ORAs 

row  of  BUTs 

row  of  BUTs 

row  of  ORAs 

row  of  ORAs 

row  of  BUTs 

row  of  BUTs 

row  of  TPGs 

(a)  (b)  (c) 

Figure  47.  Basic  Architecture  for  CLB  Test.  (After  Ref.  [26].) 

If  one  block  architecture,  as  shown  in  Figure  47(a),  does  not  cover  the  FPGA’s 
entire  array,  multiples  of  this  architecture  are  needed  (see  Figure  48).  The  number  of 
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blocks  will  depend  on  the  size  of  the  FPGA.  This  decomposes  the  testing  problem  into 
many  identical  problems  of  a  fixed  size.  This  approach  allows  the  test  to  be  scalable  to 
FPGAs  of  any  size. 


Figure  48.  Basic  CLB  Test  Architecture  across  FPGA  array. 


During  each  test  phase  and  test  session,  all  BUTs  are  configured  to  have  identical 
representative  logical  functions  and  receive  identical  test  patterns  [26],  If  each  BUT  were 
fault- free,  it  would  produce  the  same  output  pattern  as  their  neighboring  BUT;  therefore, 
comparator  ORAs  can  be  used  to  compare  the  outputs  of  neighboring  BUTs  and  propa¬ 
gate  the  results  through  the  row  of  ORAs  (as  seen  in  Figure  47(a)).  The  result  of  each 
comparison  is  stored  and  then  shifted  out  at  the  end  of  the  test  [26].  By  storing  the 
pass/fail  result  from  each  row  of  ORAs,  the  test  can  identify  the  specific  row  in  which  a 
faulty  CLB  exists.  Similarly,  by  rotating  the  test  configuration  90  degrees  into  a  new  se¬ 
ries  of  test  phases,  any  column  containing  a  faulty  CLB  can  be  identified.  Incorporating 
these  two  test  methods  provide  a  means  to  uniquely  identify  a  specific  faulty  CLB  within 
the  FPGAs.  Figure  49  outlines  the  physical  and  functional  assignments  for  each  row  of 
CLBs  in  this  complete  test  method. 
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Figure  49.  CLB  Test  Configurations  for  FPGAs.  (After  Ref.  [26].) 
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Assuming  two  modes  of  operation,  each  row  assignment  requires  two  configura¬ 
tions  or  two  test  phases.  At  a  minimum,  each  row  assignment  requires  two  test  sessions 
to  allow  each  BUT  to  become  a  TPG  or  ORA  and  vice  versus.  To  identify  a  faulty  CLB 
by  row  and  column,  an  additional  two  test  sessions  are  required.  Therefore,  the  number 
of  tests  in  this  example  required  to  completely  test  the  CLBs  is  four  test  sessions  of  two 
test  phases  each  or  a  total  eight  test  phases/configurations.  As  mentioned  in  Chapter  2, 
the  configuration-storage  for  the  Processor  FPGA  holds  eight  configurations  and  the 
Controller  FPGA  holds  either  one  for  the  ISP  EPROM  or  four  for  the  OTP  PROM.  So, 
one  obvious  cost  incurred  when  implementing  the  FPGA  test  becomes  the  amount  of  ex¬ 
ternal  memory  required  to  store  the  multiple  test  configurations.  A  single  test  configura¬ 
tion  with  total  fault  coverage  would  be  ideal,  and  provides  a  good  trade-off  in  situations 
where  applying  a  full  set  of  configurations  requires  too  much  system-level  real  estate. 
However,  experiments  of  such  methods  have  achieved  lesser  fault  coverage  with  one  ex¬ 
ample  of  only  56.5%  fault  coverage  of  single  stuck  faults  [35].  Research  is  continuing 
and  new  test  configurations  are  being  designed  with  increased  fault  coverage  and  reason¬ 
able  sizes. 

5.  The  Interconnect  Test 

As  in  CLB  testing,  during  interconnect  testing  the  FPGA  is  reconfigured  as  vari¬ 
ous  independent  structures.  Wire  segments  and  CIPs  are  configured  to  form  two  groups 
of  wires  under  test  (WUTs)  [26],  As  with  the  BUTs  in  the  CLB  test,  the  WUTs  will  re¬ 
ceive  identical  test  patterns.  ORAs  will  compare  WUTs  and  produce  a  pass/fail  indica¬ 
tion.  Figure  50  is  an  example  of  an  interconnect  test  configuration.  Similar  to  the  CLB 
test,  there  may  need  to  be  many  of  these  test  blocks  operating  concurrently  to  cover  the 
entire  FPGA  array.  Several  wire  segments  connected  by  closed  CIPs  make  up  the  WUTs 
[26].  In  Figure  50  there  are  two  groups  of  WUTs  shown.  The  first  connects  the  wire 
segments  SI,  S2,  S3,  S4,  S5,  and  S6.  The  second  connects  the  wire  segments  S7,  S8,  S9, 
and  S10.  WUT  may  pass  through  CLBs  that  are  configured  as  an  identity  function  and 
thus  the  inputs  are  passed  directly  to  the  outputs  (as  shown  in  Figure  50  by  the  dashed 
line  through  the  CLB  boxes)  [26]. 
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o  Closed  CIP 
O  Closed  CIP 
O  Open  CIP 


Figure  50.  Basic  Architecture  for  Interconnect  Test  Configuration.  (After  Ref.  [26].) 

The  interconnect  test  session  uses  the  same  test  phases  as  mentioned  earlier:  1) 
reconfigure  the  circuit,  2)  initiate  the  test,  and  3)  read  the  test  results.  During  step  2,  test 
patterns  are  generated  and  output  responses  are  analyzed.  The  WUTs  consist  of  n  wire 
segments.  Each  wire  segment  must  be  tested  for  its  ability  to  transmit  both  logic  0  and 
logic  1  which  takes  2"  test  vectors  to  complete  an  exhaustive  test  pattern.  The  TPG  will 
apply  these  patterns  to  one  end  of  the  WUTs  and  the  ORA  will  verify  the  patterns  re¬ 
ceived  at  the  other  end  of  the  WUTs.  The  open  CIPs  that  isolate  the  WUTs  from  the  rest 
of  the  interconnect  must  be  tested  for  stuck-closed  faults.  To  achieve  this,  the  TPG  con¬ 
trols  any  wire  that  may  become  shorted  to  some  WUT  (SI  1,  SI 2,  SI 3,  SI 4,  and  S15  in 
Figure  50),  such  that  when  the  TPG  passes  a  logic  0  on  the  WUT  it  also  sets  SI  1,  SI 2, 
S13,  S14,  and  S15  to  logic  1  (and  vice  versus  from  logic  1  to  logic  0)  at  least  once  during 
the  interconnect  test  phase  [26]. 

A  potential  problem  occurs  during  step  2,  when  the  test  phase  is  analyzing  the 
pass/fail  indications  from  the  ORAs  during  both  the  CLB  test  and  the  interconnect  test.  If 
two  sets  of  BUTs/WUTs  possess  equivalent  faults  when  compared  by  the  ORA,  they  will 
escape  detection  [26].  To  resolve  this  issue,  every  group  of  BUTs/WUTs  must  be  com- 
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pared  with  multiple  respective  BUTs/WUTs.  This  will  decrease  the  chances  that  a  fault 
will  go  undetected,  but  unfortunately  increase  the  number  of  test  sessions  and  configura¬ 
tions. 

6.  Conclusions  and  FPGA  BIST  Implementation 

In  conclusion,  it  is  apparent  that  the  main  cost  in  FPGA  testing  is  the  number  of 
configurations  required  to  be  stored  onboard  the  CFTP  in  order  to  completely  test  the 
FPGA  devices.  As  mentioned  earlier,  the  alternative  is  to  use  a  single,  total  fault  cover¬ 
age  test  that  will  detect  all  the  faults  in  one  test  sequence.  While  single,  high  fault  cover¬ 
age  tests  do  not  ensure  the  FPGA  is  completely  fault-free,  they  do  provide  some  means  of 
reasonable  assurance  that  the  devices  are  operational.  The  amount  of  fault  coverage  and 
the  degree  of  assurance  a  specific  test  can  provide  for  FPGAs  in  specific  system-level  de¬ 
sign  is  dependant  on  each  application. 

The  limited  configuration  storage  available  in  the  current  CFTP  design  brings  this 
real  estate  question  to  reality.  A  decision  needs  to  be  made  on  what  amount  of  fault  cov¬ 
erage  for  the  CFTP  is  adequate.  Two  key  points  can  help  focus  this  debate.  First,  the 
FPGA  BIST  for  the  CFTP  is  not  intended  as  a  means  to  provide  fault  tolerance  to  any  of 
CFTP’s  configurations.  It  is  assumed  that  each  configuration  designer  will  perform 
his/her  own  reliability  analysis  and  provide  for  the  needed  level  of  fault  tolerance.  This 
helps  relax  any  requirements  on  the  BIST  design  to  mitigate  SEUs  that  may  cause  faults 
to  occur  in  CLBs  or  their  interconnect.  Therefore,  the  use  of  the  FPGA  BIST  can  be  iso¬ 
lated  to  monitoring  the  system  health  and  reliability  and  not  fault  tolerance. 

Second,  past  experiences  with  creating  designs  for  implementation  into  the  cho¬ 
sen  FPGAs  have  shown  that  they  have  more  than  enough  space  to  represent  the  desired 
circuit.  One  example  of  a  TMR  processor  design  showed  that  only  17%  of  the  FPGA 
was  used,  even  with  three  microprocessors  in  the  design  [15].  This  provides  a  large 
amount  of  area  within  each  FPGA  for  remapping  the  design  around  faulty  CLBs  or  even 
a  complete  row  containing  a  faulty  CLB.  This  allows  the  BIST  design  to  perform  ade¬ 
quately  without  the  additional  configurations  needed  to  narrow  down  the  faulty  CLB  by 
column.  Therefore,  this  reduces  the  required  configurations  to  two  test  sessions  of  two 
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test  phases  each,  or  four  configurations  for  the  CLB  test  and  two  test  sessions  of  one  test 
phase  each,  or  two  configurations  for  the  interconnect  test.  These  six  configurations  are 
the  minimum  number  of  configurations  needed  to  completely  test  each  BUT  and  WUT 
for  faults. 

The  only  FPGA  configuration-storage  device  that  can  store  all  of  these  test  con¬ 
figurations  is  the  Flash  Memory.  Fortunately,  both  FPGAs  have  access  to  this  device 
without  having  to  go  through  the  other  FPGA.  So,  both  FPGAs  can  run  the  BIST  inde¬ 
pendently  and  concurrently.  During  on-orbit  operations,  if  the  minimal  FPGA  BIST  of 
six  configurations  is  stored  in  Flash  Memory,  that  leaves  two  remaining  configurations  in 
the  Processor  FPGA  and  three  in  the  Controller  FPGA  (one  of  the  four  configurations  for 
the  Controller  FPGA  is  dedicated  to  the  Controller’s  default  configuration).  As  men¬ 
tioned  in  Chapter  2,  one  of  the  CFTP  objectives  is  to  demonstrate  fault  tolerance  with  a 
TMR  processor  configuration;  therefore  this  will  take  up  one  of  the  remaining  two  con¬ 
figurations  in  the  Processor  FPGA.  With  another  four  configurations  available  for  the 
RAM  BIST,  ROM  BIST,  and  other  potential  configurations  to  assist  the  CFTP  in  demon¬ 
strating  its  reprogrammability  and  reconfigurability  objectives,  the  minimal  FPGA  BIST 
is  definitely  a  viable  option  with  the  available  configuration-storage  real  estate.  During 
development,  when  the  configuration-storage  devices  can  be  easily  and  quickly  updated, 
larger  configurations  can  be  used  for  the  FPGA  BIST. 
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IV.  CONCLUSIONS  AND  FOLLOW-ON  RESEARCH 


A.  OVERVIEW 

This  purpose  of  this  thesis  was  to  design  and  develop  a  series  of  Built-In  Self- 
Tests  (BISTs)  for  use  with  the  Configurable  Fault  Tolerant  Processor  (CFTP)  in  space 
applications.  The  final  stages  of  integration  are  still  required  once  the  development, 
qualification  and  flight  boards  are  ready.  In  concert  with  the  initial  objectives  of  this  pro¬ 
ject,  the  CFTP  BIST  has  been  designed  as  a  self-contained,  autonomous,  self-testing  cir¬ 
cuit. 

B.  CONCLUSIONS 

This  thesis  has  described  a  BIST  approach  for  the  CFTP’s  System-Memory,  con- 
figuration-storage,  and  Field-Programmable  Gate  Arrays  that  provides  a  means  to  moni¬ 
tor  the  health  of  the  system  and  furnish  reliability  through  BISTs.  The  BISTs  operate  on 
each  component  of  the  CFTP  system:  RAM  BIST  (System-Memory),  ROM  BIST  (con¬ 
figuration-storage  memory),  and  FPGA  BIST  (both  FPGAs).  The  test  sequence  for  these 
BISTs  follows  the  order:  FPGA  BIST,  ROM  BIST,  and  then  RAM  BIST.  This  will  al¬ 
low  for  assurance  in  the  FPGAs  prior  to  loading  them  with  the  ROM  BIST.  Finally,  once 
the  PROM/EPROM  and  Flash  Memory  functionalities  are  confirmed,  the  RAM  BIST 
configuration  can  be  loaded.  Together,  this  test  suite  forms  a  set  of  hardware  diagnostics. 
If  one  or  more  of  the  diagnostics  fail,  action  can  be  taken  to  diagnose  the  problem  and  re¬ 
pair  or  circumvent  the  faulty  hardware. 

The  basic  BIST  architecture  introduced  has  proven  to  be  very  adaptive,  as  it  has 
been  applied  in  every  BIST  design  easily  and  without  performance  penalties.  Addition¬ 
ally,  the  applicability  of  FPGAs  in  BIST  implementations  has  proven  to  have  a  very  im¬ 
portant  role  in  reducing  on-chip  testing  hardware.  The  FPGA  approach  allows  the  test 
hardware  to  be  removed  from  the  device  once  the  test  is  complete.  However,  FPGAs  do 
incur  other  test  costs,  such  as  increased  test  generation  and  test  application  time.  Instead 
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of  a  single  configuration  for  fault  detection,  FPGAs  require  multiple  configurations  to 
test  an  assortment  of  CLB  modes  and  programmable  interconnect,  with  the  attendant  con¬ 
figuration  storage  cost. 

Fortunately,  the  RAM  BIST  is  accomplished  in  a  single  configuration  and  effi¬ 
ciently  tests  whether  each  storage  location  in  the  System-Memory  is  working  correctly. 
Similarly,  the  ROM  BIST  is  a  single  configuration  test.  An  important  consideration  to 
remember  when  uploading  new  configurations  to  the  CFTP  is  that  this  changes  the  signa¬ 
ture  of  the  ROM  device  and  therefore  will  not  match  the  signature  hardwired  into  the 
ROM  BIST  checksum  device.  To  allow  for  continuous  autonomous  operation  of  the 
ROM  BIST,  a  new  ROM  BIST  configuration  should  also  be  uploaded  with  the  new  cor¬ 
rect  signature.  This  should  not  be  an  issue  when  uploading  configurations  from  the 
Ground  Station  to  the  satellite,  as  it  is  just  as  easy  to  send  all  the  configurations  as  it  is  to 
send  one6.  An  issue  will  arise  when  the  CFTP  is  saving  a  configuration  from  itself  into 
the  Flash  Memory  device,  possibly  for  download  to  the  Ground  Station. 

Additionally,  because  the  RAM  BIST  and  ROM  BIST  operate  on  different  com¬ 
ponents  of  the  CFTP  and  have  the  same  number  of  required  configurations,  their  designs 
can  be  implemented  in  one  RAM/ROM  BIST  that  simultaneously  conducts  both  tests.  In 
the  Xilinx  ISE  software  used  in  creating  CFTP’s  BISTs,  this  is  easily  done.  By  simply 
creating  a  module  that  represents  each  of  the  two  overall  BISTs,  a  new  test  can  be  created 
that  contains  these  two  modules.  Some  integration  may  be  needed  to  deconflict  signal 
names  or  other  syntax  that  may  be  illegally  shared  between  the  modules.  Finally,  To  fur¬ 
ther  reduce  the  number  of  required  configurations,  the  Processor  and  Controller  FPGAs 
should  be  tested  concurrently. 

An  underlying  theme  throughout  the  design  process  of  the  CFTP  project  was  to 
maintain  a  very  small  footprint.  This  design  constraint  has  led  to  a  very  efficient  repro- 
grammable/reconfigurable  system;  however,  it  has  created  an  obstacle  in  its  ability  to 


6  While  the  satellites  that  CFTP  is  currently  manifested  on  have  a  modest  data  rate  between  ground 
station(s)  and  satellites  (e.g.  MidSTAR-1  can  provide  up  to  9600  bps),  files  uploaded  to  the  satellite  will  be 
compressed  before  transmitting  and  buffered  upon  receipt. 
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maintain  system-reliability.  Future  CFTP  designs  should  take  this  into  consideration  and 
provide  for  a  means  to  store  a  larger  number  of  configurations  with  either  more  configu¬ 
ration-storage  devices  or  ones  that  can  hold  a  much  larger  number  of  configurations.  At  a 
minimum,  the  CFTP  should  be  able  to  store  all  10  FPGA  BIST  configurations  and  the 
RAM/ROM  BIST  configuration  and  still  have  room  for  other  configurations  such  as  the 
TMR  processor  design. 

C.  FOLLOW-ON  RESEARCH 

Currently,  the  CFTP  is  manifested  for  launch  into  LEO  orbit  on  two  satellites  in 
2006  and  efforts  are  in  motion  to  acquire  additional  manifests  into  higher  orbits.  In  order 
to  accommodate  these  flights,  there  are  many  areas  for  follow  on  research  that  must  be 
accomplished.  First,  the  BISTs  designed  in  this  thesis  must  be  integrated  into  the  CFTP 
development  board,  qualification  board,  and  flight  boards.  Assuming  that  these  boards’ 
designs  prove  valid,  the  qualification  board  must  be  qualified  for  space.  This  verification 
process  should  evaluate  the  suitability  of  the  designs  in  numerous  space  environments 
(e.g.,  high  vacuum,  extreme  temperatures,  solar  and  particle  radiation)  and  launch  condi¬ 
tions  (e.g.,  shock  load,  static  load,  and  various  frequency  driven  vibrations).  While  these 
environments  will  not  necessarily  duplicate  the  space  environment  or  launch  conditions, 
they  merely  need  to  approach  it  sufficiently  so  that  any  unit  that  passes  the  tests  will  sur¬ 
vive  the  launch  and  operate  successfully  in  its  designed  space  environment.  Once  a 
qualified  design  has  been  achieved,  flight  boards  must  be  built,  tested,  and  then  integrated 
into  the  host  satellites. 

The  configuration  for  the  Controller  FPGA  needs  to  be  designed.  This  should 
contain  at  a  minimum  the  configuration  control,  command  and  status  registers,  and  bus 
interface  logic.  This  is  an  essential  component  to  the  CFTP  architecture  and  will  have  to 
be  integrated  and  routed  to  the  appropriate  hardwired  pins. 

Other  than  the  BIST  designs  in  this  thesis,  the  only  other  configuration  written  for 
the  CFTP  is  a  Triple  Modular  Redundant  (TMR)  microprocessor,  KDLX.  However,  to 
date  no  programs  have  been  written  for  it.  Although  extensive  research  has  been  done  to 
perfect  its  interrupt  handling  capabilities  in  mitigating  SEU  induced  errors  and  converting 
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its  memory  interface  architecture  to  match  that  of  the  CFTP’s,  actual  instantiation  of  the 
TMR  design  in  an  FPGA  has  not  been  attempted. 

Finally,  the  fine  details  in  the  integration  of  the  CFTP  into  the  host  satellites  needs 
to  be  accomplished.  While  protocols,  connectors  and  components  have  been  agreed 
upon,  the  details  of  what  commands  need  to  be  transmitted  and  received  between  the 
CFTP  and  the  satellite  Command  and  Data  Handler  have  not  been. 
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APPENDIX  A:  COMPLETE  SCHEMATICS,  VHDL  CODES  AND 
TEST-BENCH  WAVEFORMS  FOR  SDRAM  TEST 


Appendix  A  contains  the  schematic  diagrams,  VHDL  code,  and  Test-Bench 
waveforms  for  the  complete  SDRAM  test  design.  The  appendix  is  organized  by  module, 
so  each  section  contains  a  module  schematic/VHDL  code  and  a  Test-Bench  waveform. 
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counter  control 


A, 


COMPLETE  DESIGN 


1.  Schematic  Diagram 


76 


2.  Test-Bench  Waveform 
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R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

3E 

3E 

3E 

3E 

3E 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

800000 

800000 

800000 

800000 

800000 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

80 


Time  (ns) 

1 8000 

|  8100 

1 8200 

|  8300 

|  8400 

|  8500 

CLOCK 

ru 

J  81  \ _ 

_ f  82  \ _ 

_ f  83  \ _ 

_ f  84  \ _ 

_ X  85  \ _ 

__f 86 

RESTART 

STATE[7:0] 

■a 

40 

40 

40 

40 

X  41 

X' 

ADDR[23:0] 

a 

X 100000 

X 200000 

X 400000 

X 800000 

800000 

X 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

X 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

X 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

3E 

3E 

3E 

3E 

3E 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

800000 

800000 

800000 

800000 

800000 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1 8500 

|  8600 

1 8700 

|  8800 

|  8900 

|  9000 

CLOCK 

ru 

J  86  \ _ 

_ f  87  \ _ 

_ f  88  \ _ 

_ f  89  \ _ 

_ f  90  \ _ 

f~9 1 

RESTART 

STATE[7:0] 

X42 

X43 

43 

43 

43 

ADDR[23:0] 

a 

X 000001 

000001 

X 000002 

X  000004 

X  000008 

X 

RTWF 

0 

/I 

1 

1 

1 

WRITE_DATA[23:0] 

X  555555 

X  AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

X  555555 

X AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

/i 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

3E 

X43 

43 

43 

43 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

800000 

X AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS[23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1 9000 

I  9100 

1 9200 

|  9300 

|  9400 

|  9500 

CLOCK 

ru 

J9 1  \ _ 

_ f  92  \ _ 

_ f  93  \ _ 

_ f  94  \ _ 

_ ?95  \ _ 

f~96 

RESTART 

STATE[7:0] 

43 

43 

43 

43 

43 

ADDR[23:0] 

a 

X 000010 

X 000020 

X  000040 

X  000080 

X 000100 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

43 

43 

43 

43 

43 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1 9500 

|  9600 

1 9700 

|  9800 

|  9900 

|  1000 

CLOCK 

ru 

J96  \ _ 

_ f  97  \ _ 

_ f  98  \ _ 

_ f  99  \ _ 

_ f  100  \ _ 

__/To 

RESTART 

STATE[7:0] 

-a 

43 

43 

43 

43 

43 

ADDR[23:0] 

a 

X 000200 

X  000400 

X 000800 

X 001000 

X  002000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

43 

43 

43 

43 

43 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

81 


Time  (ns) 

| 10000 

| 10100 

| 10200 

| 10300 

| 10400 

|  1050 

CLOCK 

ru 

J  101  \ _ 

_ f  102  \ _ 

_ f  103  \ _ 

_ f  104  \ _ 

_ f  105  \ _ 

fib 

RESTART 

STATE[7:0] 

43 

43 

43 

43 

43 

ADDR[23:0] 

a 

X 004000 

X 008000 

X 010000 

X 020000 

X  040000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

43 

43 

43 

43 

43 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

| 10500 

| 10600 

| 10700 

| 10800 

| 10900 

1 1100 

CLOCK 

ru 

J  106  \ _ 

_ f  107  \ _ 

_ f  108  \ _ 

_ f  109  \ _ 

_ f  110  \ _ 

_ fn 

RESTART 

STATE[7:0] 

43 

43 

43 

43 

43 

X 

ADDR[23:0] 

a 

X 080000 

X 100000 

X 200000 

X 400000 

X  800000 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

43 

43 

43 

43 

43 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS[23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

| 11000 

| 11100 

1 11200 

| 11300 

| 11400 

|  1150 

CLOCK 

ru 

7111  \ _ 

_ f  112  \ _ 

_ f  113  \ _ 

_ f  1 14  \ _ 

_ X  115  \ _ 

fn 

RESTART 

STATE[7:0] 

■a 

^<co 

X44 

44 

44 

44 

ADDR[23:0] 

a 

800000 

X 000001 

X 000002 

X  000004 

X  000008 

_ X. 

RTWF 

a 

1 

\0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

\o 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

43 

43 

43 

43 

43 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

| 11500 

| 11600 

| 11700 

| 11800 

| 11900 

|  1200 

CLOCK 

ru 

J 116  \ _ 

_ fill  \ _ 

_ f  118  \ _ 

_ X  1 19  \ _ 

_ f  120  \ _ 

fn 

RESTART 

STATE[7:0] 

44 

44 

44 

44 

44 

ADDR[23:0] 

a 

X 000010 

X 000020 

X  000040 

X 000080 

X  000100 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

43 

43 

43 

43 

43 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

82 


Time  (ns) 

| 12000 

| 12100 

| 12200 

| 12300 

| 12400 

1 1250 

CLOCK 

ru 

J  121  \ _ 

_ f  122  \ _ 

_ f  123  \ _ 

_ X  124  \ _ 

_ f  125  \ _ 

fl2 

RESTART 

STATE[7:0] 

a 

44 

44 

44 

44 

44 

ADDR[23:0] 

a 

X 000200 

X 000400 

X 000800 

X 001000 

X  002000 

X 

RTWF 

<ZD 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3  :Q] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:Q] 

43 

43 

43 

43 

43 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:01 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

| 12500 

| 12600 

| 12700 

| 12800 

| 12900 

1 1300 

CLOCK 

ru 

J  126  \ _ 

_ f  127  \ _ 

_ f  128  \ _ 

_ f  129  \ _ 

_ f  130  \ _ 

_ fl3 

RESTART 

STATE[7:0] 

44 

44 

44 

44 

44 

ADDR[23:0] 

a 

X 004000 

X 008000 

X oioooo 

X 020000 

X  040000 

X 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

o 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

43 

43 

43 

43 

43 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:01 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

| 13000 

| 13100 

1 13200 

| 13300 

| 13400 

1 1350 

CLOCK 

ru 

Jl31  \ _ 

_ f  132  \ _ 

_ f  133  \ _ 

_ f  134  \ _ 

_ X  135  \ _ 

__fl3 

RESTART 

STATE[7:0] 

a 

44 

44 

44 

44 

44 

l 

ADDR[23:0] 

a 

X 080000 

X 100000 

X 200000 

X 400000 

X  800000 

RTWF 

<ZD 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

43 

43 

43 

43 

43 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1 13500 

| 13600 

| 13700 

| 13800 

| 13900 

|  1400 

CLOCK 

ru 

J  136  \ _ 

_ f  137  \ _ 

_ f  138  \ _ 

_ f  139  \ _ 

_ f  140  \ _ 

fl4 

RESTART 

STATE[7:0] 

3(45 

X46 

X  47 

47 

47 

ADDR[23:0] 

a 

800000 

X 000002 

X 000001 

X 000002 

X  000004 

X 

RTWF 

<=□ 

0 

0 

/I 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

X 555555 

X AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

X  555555 

X AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

C  OMP  ARE_EN  ABLE 

a 

0 

0 

/i 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

43 

43 

X  47 

47 

47 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

83 


Time  (ns) 

1 14000 

| 14100 

| 14200 

| 14300 

| 14400 

1 1450 

CLOCK 

ru 

J 141  \ _ 

_ f  142  \ _ 

_ f  143  \ _ 

_ f  144  \ _ 

_ f  145  \ _ 

fl4 

RESTART 

STATE[7:0] 

a 

47 

47 

47 

47 

47 

ADDR[23:0] 

a 

X 000008 

X ooooio 

X 000020 

X  000040 

X  000080 

X 

RTWF 

<ZD 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3  :Q] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:Q] 

47 

47 

47 

47 

47 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:01 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1 14500 

| 14600 

| 14700 

| 14800 

| 14900 

|  1500 

CLOCK 

ru 

J  146  \ _ 

_ f  147  \ _ 

_ f  148  \ _ 

_ f  149  \ _ 

_ f  150  \ _ 

_ fl5 

RESTART 

STATE[7:0] 

<ZD 

47 

47 

47 

47 

47 

ADDR[23:0] 

a 

X 000100 

X 000200 

X  000400 

X 000800 

X 001000 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

47 

47 

47 

47 

47 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

| 15000 

| 15100 

1 15200 

| 15300 

| 15400 

1 1550 

CLOCK 

ru 

_f  151  \ _ 

_ f  152  \ _ 

_ f  153  \ _ 

_ f  154  \ _ 

_ f  155  \ _ 

fl5 

RESTART 

STATE[7:0] 

47 

47 

47 

47 

47 

ADDR[23:0] 

a 

X 002000 

X 004000 

X 008000 

X oioooo 

X  020000 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

C  OMP  ARE_EN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

47 

47 

47 

47 

47 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1 15500 

| 15600 

| 15700 

| 15800 

| 15900 

1 1600 

CLOCK 

ru 

_f  156  \ _ 

_ f  157  \ _ 

_ f  158  \ _ 

_ f  159  \ _ 

_ f  160  \ _ 

fl6 

RESTART 

STATE[7:0] 

47 

47 

47 

47 

47 

ADDR[23:0] 

a 

X 040000 

X 080000 

X looooo 

X 200000 

X 400000 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

C  OMP  ARE  EN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

47 

47 

47 

47 

47 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

84 


Time  (ns) 

| 16000 

| 16100 

| 16200 

| 16300 

| 16400 

|  1650 

CLOCK 

ru 

J 161  \ _ 

_ f  162  \ _ 

_ f  163  \ _ 

_ f  164  \ _ 

_ f  165  \ _ 

fl6 

RESTART 

STATE[7:0] 

47 

Xci 

X  48 

48 

48 

ADDR[23:0] 

a 

X 800000 

800000 

X 000001 

X 000002 

X  000004 

_ t 

RTWF 

1 

1 

\0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

o 

COMPARE  ENABLE 

a 

1 

1 

\o 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

47 

47 

47 

47 

47 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 
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| 16700 

| 16800 

| 16900 

|  1700 

CLOCK 

ru 

J  166  \ _ 

_ f  167  \ _ 

_ f  168  \ _ 

_ f  169  \ _ 

_ f  170  \ _ 

RESTART 

STATE[7:0] 

a 

48 

48 

48 

48 

48 

ADDR[23:0] 

a 

X 000008 

X 000010 

X 000020 

X  000040 

X  000080 

X 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATA[23:0] 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

47 

47 

47 

47 

47 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 
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| 17100 

| 17200 

| 17300 

| 17400 

|  1750 

CLOCK 

ru 

_f  171  \ _ 

_ f  172  \ _ 

_ f  173  \ _ 

_ f  174  \ _ 

_ f  175  \ _ 

RESTART 

STATE[7:0] 

a 

48 

48 

48 

48 

48 

ADDR[23:0] 

a 

X 000100 

X 000200 

X  000400 

X 000800 

X 001000 

X. 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

47 

47 

47 

47 

47 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

| 17500 

| 17600 

| 17700 

| 17800 

| 17900 

1 1800 

CLOCK 

ru 

J  176  \ _ 

_ fill  \ _ 

_ f  178  \ _ 

_ f  179  \ _ 

_ f  180  \ _ 

fis 

RESTART 

STATE[7:0] 

48 

48 

48 

48 

48 

ADDR[23:Q] 

a 

X 002000 

X 004000 

X 008000 

X 010000 

X  020000 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

C  OMP  ARE_EN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

47 

47 

47 

47 

47 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

| 18000 

| 18100 

| 18200 

| 18300 

| 18400 

|  1850 

CLOCK 

ru 

J  181  \ _ 

_ f  182  \ _ 

_ f  183  \ _ 

_ f  184  \ _ 

_ /  185  \ _ 

__/l8 

RESTART 

STATE[7:0] 

48 

48 

48 

48 

48 

ADDR[23:0] 

a 

X 040000 

X 080000 

X 100000 

X 200000 

X 400000 

X. 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

47 

47 

47 

47 

47 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

| 18500 

| 18600 

| 18700 

| 18800 

| 18900 

1 1900 

CLOCK 

ru 

J  186  \ _ 

_ f  187  \ _ 

_ f  188  \ _ 

_ f  189  \ _ 

_ f  190  \ _ 

fl9 

RESTART 

STATE[7:0] 

48 

X49 

X4A 

X4B 

4B 

ADDR[23:0] 

a 

X 800000 

800000 

X  000004 

X 000001 

X  000002 

X 

RTWF 

0 

0 

0 

/l 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

X  555555 

X AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

X  555555 

X AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

/i 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

47 

47 

47 

X4B 

4B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

| 19000 

| 19100 

| 19200 

| 19300 

| 19400 

1 1950 

CLOCK 

ru 

J  191  \ _ 

_ f  192  \ _ 

_ f  193  \ _ 

_ X  194  \ _ 

_ f  195  \ _ 

fl9 

RESTART 

STATE[7:0] 

<ZD 

4B 

4B 

4B 

4B 

4B 

ADDR[23:0] 

a 

X 000004 

X 000008 

X 000010 

X 000020 

X  000040 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

4B 

4B 

4B 

4B 

4B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

| 19500 

| 19600 

| 19700 

| 19800 

| 19900 

|  2000 

CLOCK 

ru 

J  196  \ _ 

_ fl97  \ _ 

_ f  198  \ _ 

_ f  199  \ _ 

_ f  200  \ _ 

fzo 

RESTART 

STATE[7:0] 

a 

4B 

4B 

4B 

4B 

4B 

ADDR[23:0] 

a 

X 000080 

X 000100 

X 000200 

X  000400 

X  000800 

X 

RTWF 

<ZD 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

4B 

4B 

4B 

4B 

4B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

| 20000 

| 20100 

| 20200 

|20300 

| 20400 

|  2050 

CLOCK 

ru 

J 201  \ _ 

_ f 202  \ _ 

_ f  203  \ _ 

_ f  204  \ _ 

_ f  205  \ _ 

fzo 

RESTART 

STATE[7:0] 

a 

4B 

4B 

4B 

4B 

4B 

ADDR[23:0] 

a 

X 001000 

X 002000 

X  004000 

X 008000 

X 010000 

X 

RTWF 

<ZD 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3  :Q] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:Q] 

4B 

4B 

4B 

4B 

4B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|20500 

| 20600 

|20700 

| 20800 

|20900 

|  2100 

CLOCK 

ru 

J 206  \ _ 

_ f 207  \ _ 

_ f  208  \ _ 

_ f 209  \ _ 

_ f  210  \ _ 

__/21 

RESTART 

STATE[7:0] 

4B 

4B 

4B 

4B 

4B 

ADDR[23:0] 

a 

X 020000 

X 040000 

X 080000 

X 100000 

X  200000 

X. 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE  EN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

4B 

4B 

4B 

4B 

4B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|21000 

|21100 

|21200 

|21300 

|21400 

I  2150 

CLOCK 

ru 

Jill  \ _ 

_ fill  \ _ 

_ f  213  \ _ 

_ f 214  \ _ 

_ f  215  \ _ 

fii 

RESTART 

STATE[7:0] 

a 

4B 

4B 

XC2 

X4C 

4C 

ADDR[23:0] 

a 

X 400000 

X 800000 

800000 

X 000001 

X  000002 

_ X. 

RTWF 

■a 

1 

1 

1 

\0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE_EN  ABLE 

a 

1 

1 

1 

\o 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

4B 

4B 

4B 

4B 

4B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|21500 

|21600 

|21700 

|21800 

|21900 

|  2200 

CLOCK 

ru 

_f  216  \ _ 

_ fill  \ _ 

_ f  218  \ _ 

_ f 219  \ _ 

_ fl  20  \ _ 

fl2 

RESTART 

STATE[7:0] 

a 

4C 

4C 

4C 

4C 

4C 

ADDR[23:0] 

a 

X 000004 

X 000008 

X 000010 

X 000020 

X  000040 

l 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

4B 

4B 

4B 

4B 

4B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

| 22000 

| 22100 

| 22200 

|22300 

| 22400 

|  2250 

CLOCK 

ru 

Jill  \ _ 

_ f 222  \ _ 

_ f  223  \ _ 

_ f  224  \ _ 

_ f  225  \ _ 

__fl2 

RESTART 

STATE[7:0] 

a 

4C 

4C 

4C 

4C 

4C 

ADDR[23:0] 

a 

X 000080 

X 000100 

X 000200 

X  000400 

X  000800 

l 

RTWF 

<ZD 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3  :Q] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:Q] 

4B 

4B 

4B 

4B 

4B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|22500 

| 22600 

|22700 

| 22800 

|22900 

|  2300 

CLOCK 

ru 

J 226  \ _ 

_ f 227  \ _ 

_ f  228  \ _ 

_ f 229  \ _ 

_ f  230  \ _ 

__fl3 

RESTART 

STATE[7:0] 

a 

4C 

4C 

4C 

4C 

4C 

ADDR[23:0] 

a 

X 001000 

X 002000 

X  004000 

X 008000 

X 010000 

l 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

4B 

4B 

4B 

4B 

4B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|23000 

|23100 

|23200 

|23300 

|23400 

|  2350 

CLOCK 

ru 

Jl3l  \ _ 

_ f 232  \ _ 

_ f  233  \ _ 

_ f  234  \ _ 

_ f  235  \ _ 

__f~23 

RESTART 

STATE[7:0] 

4C 

4C 

4C 

4C 

4C 

ADDR[23:0] 

a 

X 020000 

X 040000 

X 080000 

X 100000 

X  200000 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

4B 

4B 

4B 

4B 

4B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|23500 

|23600 

|23700 

|23800 

|23900 

|  240C 

CLOCK 

ru 

_f  236  \ _ 

_ f  237  \ _ 

_ f  238  \ _ 

_ f 239  \ _ 

_ f  240  \ _ 

fl4 

RESTART 

STATE[7:0] 

<ZD 

4C 

4C 

X4D 

X4E 

X4F 

ADDR[23:0] 

a 

X 400000 

X 800000 

800000 

X 000008 

X  000001 

X 

RTWF 

a 

0 

0 

0 

0 

/I 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

X  555555 

X AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

X 555555 

X AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE_EN  ABLE 

a 

0 

0 

0 

0 

/i 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

4B 

4B 

4B 

4B 

X4F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

124000 

124100 

124200 

| 24300 

| 24400 

|  2450 

CLOCK 

ru 

7 241  \ _ 

_ f  242  \ _ 

_ f  243  \ _ 

_ f  244  \ _ 

_ f  245  \ _ 

flA 

RESTART 

STATE[7:0] 

a 

4F 

4F 

4F 

4F 

4F 

ADDR[23:0] 

a 

X 000002 

X 000004 

X 000008 

X 000010 

X  000020 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

4F 

4F 

4F 

4F 

4F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|24500 

| 24600 

| 24700 

| 24800 

| 24900 

|  2500 

CLOCK 

ru 

7246  \ _ 

_ f  247  \ _ 

_ f  248  \ _ 

_ f  249  \ _ 

_ f  250  \ _ 

fl5 

RESTART 

STATE[7:0] 

4F 

4F 

4F 

4F 

4F 

ADDR[23:0] 

a 

X 000040 

X 000080 

X 000100 

X 000200 

X  000400 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

4F 

4F 

4F 

4F 

4F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|25000 

|25100 

|25200 

|25300 

|25400 

|  2550 

CLOCK 

ru 

7251  \ _ 

_ X  252  \ _ 

_ f  253  \ _ 

_ f  254  \ _ 

_ f  255  \ _ 

f25 

RESTART 

STATE[7:0] 

a 

4F 

4F 

4F 

4F 

4F 

ADDR[23:0] 

a 

X 000800 

X 001000 

X 002000 

X  004000 

X  008000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

4F 

4F 

4F 

4F 

4F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|25500 

|25600 

|25700 

|25800 

|25900 

|  2600 

CLOCK 

ru 

7256  \ _ 

_ f  257  \ _ 

_ f  258  \ _ 

_ f 259  \ _ 

_ f  260  \ _ 

__fl6 

RESTART 

STATE[7:0] 

a 

4F 

4F 

4F 

4F 

4F 

ADDR[23:0] 

a 

X 010000 

X 020000 

X  040000 

X 080000 

X 100000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

4F 

4F 

4F 

4F 

4F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

89 


Time  (ns) 

|26000 

|26100 

|26200 

|26300 

| 26400 

|  2650 

CLOCK 

ru 

J 261  \ _ 

_ f 262  \ _ 

_ f  263  \ _ 

_ f  264  \ _ 

_ f  265  \ _ 

fl6 

RESTART 

STATE[7:0] 

4F 

4F 

4F 

XC3 

X  50 

X 

ADDR[23:0] 

a 

X 200000 

X 400000 

X 800000 

800000 

800000 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

o 

COMPARE  ENABLE 

a 

1 

1 

1 

1 

\0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

4F 

4F 

4F 

4F 

4F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|26500 

| 26600 

|26700 

| 26800 

|26900 

|  2700 

CLOCK 

ru 

_f  266  \ _ 

_ f 267  \ _ 

_ f  268  \ _ 

_ f 269  \ _ 

_ f  270  \ _ 

fin 

RESTART 

STATE[7:0] 

ZX« 

X  52 

X  53 

53 

53 

ADDR[23:0] 

a 

800000 

X 000010 

X 000001 

X 000002 

X  000004 

X 

RTWF 

1 

\o 

/I 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

X 555555 

X AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

X  555555 

X AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATA[23:0] 

o 

COMPARE  ENABLE 

a 

0 

0 

/i 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

4F 

4F 

X  53 

53 

53 

Location[23:0] 

a 

000000 

000000 

X  000004 

000004 

000004 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:01 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|27000 

|27100 

|27200 

| 27300 

| 27400 

I  2750 

CLOCK 

ru 

Jill  \ _ 

_ fill  \ _ 

_ f  273  \ _ 

_ f  274  \ _ 

_ f  275  \ _ 

__f21 

RESTART 

STATE[7:0] 

53 

53 

53 

53 

53 

ADDR[23:0] 

a 

X 000008 

X 000010 

X 000020 

X  000040 

X  000080 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

53 

53 

53 

53 

53 

Location[23:0] 

a 

000004 

000004 

000004 

000004 

000004 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|27500 

| 27600 

|27700 

| 27800 

| 27900 

|  2800 

CLOCK 

ru 

J 276  \ _ 

_ fill  \ _ 

_ f  278  \ _ 

_ f 279  \ _ 

_ f  280  \ _ 

fis 

RESTART 

STATE[7:0] 

53 

53 

53 

53 

53 

ADDR[23:0] 

a 

X 000100 

X 000200 

X  000400 

X 000800 

X  001000 

X 

RTWF 

<=□ 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

53 

53 

53 

53 

53 

Location[23:0] 

a 

000004 

000004 

000004 

000004 

000004 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

90 


Time  (ns) 

128000 

|28100 

|28200 

|28300 

| 28400 

|  2850 

CLOCK 

ru 

_f  281  \ _ 

_ f 282  \ _ 

_ f  283  \ _ 

_ f  284  \ _ 

_ f  285  \ _ 

f28 

RESTART 

STATE[7:0] 

a 

53 

53 

53 

53 

53 

ADDR[23:0] 

a 

X 002000 

X 004000 

X 008000 

X 010000 

X  020000 

X 

RTWF 

<ZD 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3  :Q] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:Q] 

53 

53 

53 

53 

53 

Location[23:0] 

a 

000004 

000004 

000004 

000004 

000004 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:01 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|28500 

| 28600 

|28700 

| 28800 

|28900 

|  290C 

CLOCK 

ru 

_f  286  \ _ 

_ f 287  \ _ 

_ f  288  \ _ 

_ f 289  \ _ 

_ f  290  \ _ 

fl9 

RESTART 

STATE[7:0] 

<ZD 

53 

53 

53 

53 

53 

ADDR[23:0] 

a 

X 040000 

X 080000 

X 100000 

X 200000 

X 400000 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

53 

53 

53 

53 

53 

Location[23:0] 

a 

000004 

000004 

000004 

000004 

000004 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|29000 

|29100 

|29200 

|29300 

| 29400 

|  2950 

CLOCK 

ru 

_f  291  \ _ 

_ f 292  \ _ 

_ f  293  \ _ 

_ f  294  \ _ 

_ f  295  \ _ 

__fl9 

RESTART 

STATE[7:0] 

a 

53 

XC4 

X  54 

54 

54 

ADDR[23:0] 

a 

X 800000 

800000 

X 000001 

X 000002 

X  000004 

_ )C 

RTWF 

■a 

1 

1 

\0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

\0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

53 

53 

53 

53 

53 

Location[23:0] 

a 

000004 

000004 

000004 

000004 

000004 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|29500 

| 29600 

|29700 

| 29800 

|29900 

|  3000 

CLOCK 

ru 

_f  296  \ _ 

_ f 297  \ _ 

_ f  298  \ _ 

_ f 299  \ _ 

_ f  300  \ _ 

f30 

RESTART 

STATE[7:0] 

a 

54 

54 

54 

54 

54 

ADDR[23:0] 

a 

X 000008 

X 000010 

X 000020 

X  000040 

X  000080 

X. 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE  EN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

53 

53 

53 

53 

53 

Location[23:0] 

a 

000004 

000004 

000004 

000004 

000004 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

|30000 

|30100 

|30200 

|30300 

|30400 

|  3050 

CLOCK 

ru 

J 301  \ _ 

_ f 302  \ _ 

_ f  303  \ _ 

_ f 304  \ _ 

_ f  305  \ _ 

f30 

RESTART 

STATE[7:0] 

54 

54 

54 

54 

54 

ADDR[23:0] 

a 

X 000100 

X 000200 

X  000400 

X 000800 

X  001000 

X 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

o 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

53 

53 

53 

53 

53 

Location[23:0] 

a 

000004 

000004 

000004 

000004 

000004 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|30500 

|306O0 

|30700 

|30800 

|30900 

I  3100 

CLOCK 

ru 

_f  306  \ _ 

_ f 307  \ _ 

_ f  308  \ _ 

_ X  309  \ _ 

_ X  310  \ _ 

f31 

RESTART 

STATE[7:0] 

54 

54 

54 

54 

54 

ADDR[23:0] 

a 

X 002000 

X 004000 

X 008000 

X 010000 

X  020000 

X 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:01 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

53 

53 

53 

53 

53 

Location[23:0] 

a 

000004 

000004 

000004 

000004 

000004 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|31000 

|31100 

|31200 

|31300 

|31400 

I  3150 

CLOCK 

ru 

J 311  \ _ 

_ f  312  \ _ 

_ f  313  \ _ 

_ f 314  \ _ 

_ f315  \ _ 

fsi 

RESTART 

STATE[7:0] 

a 

54 

54 

54 

54 

54 

ADDR[23:0] 

a 

X 040000 

X 080000 

X 100000 

X 200000 

X 400000 

i 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

53 

53 

53 

53 

53 

Location[23:0] 

a 

000004 

000004 

000004 

000004 

000004 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|31500 

|31600 

|31700 

|31800 

|31900 

|  3200 

CLOCK 

ru 

J 316  \ _ 

_ f 317  \ _ 

_ f  318  \ _ 

_ X  3 19  \ _ 

_ f  320  \ _ 

f32 

RESTART 

STATE[7:0] 

<ZD 

54 

X55 

X  56 

X57 

57 

ADDR[23:0] 

a 

X 800000 

800000 

X 000020 

X oooooi 

X  000002 

X 

RTWF 

<=□ 

0 

0 

0 

/i 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

X  555555 

X AAAAAA 

AAAAAA 

TEST_DATA[2  3  :Q] 

a 

AAA AAA 

AAA AAA 

X  555555 

X AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE_EN  ABLE 

a 

0 

0 

0 

/i 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

53 

53 

53 

X57 

57 

Location[23:0] 

a 

000004 

000004 

000004 

X  000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

92 


Time  (ns) 

132000 

|32100 

|32200 

o 

o 

n 

|32400 

|  3250 

CLOCK 

ru 

J 321  \ _ 

_ f  322  \ _ 

_ f  323  \ _ 

_ X  324  \ _ 

_ f  325  \ _ 

fn 

RESTART 

STATE[7:0] 

a 

57 

57 

57 

57 

57 

ADDR[23:0] 

a 

X 000004 

X 000008 

X ooooio 

X 000020 

X  000040 

X 

RTWF 

<ZD 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3  :Q] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:Q] 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|32500 

|32600 

|32700 

|32800 

|32900 

|  330C 

CLOCK 

ru 

_f  326  \ _ 

_ f  327  \ _ 

_ f  328  \ _ 

_ f 329  \ _ 

_ f  330  \ _ 

f33 

RESTART 

STATE[7:0] 

<ZD 

57 

57 

57 

57 

57 

ADDR[23:0] 

a 

X 000080 

X 000100 

X 000200 

X  000400 

X  000800 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE  EN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|33000 

|33100 

|33200 

|33300 

|33400 

|  3350 

CLOCK 

ru 

^331  \ _ 

_ f 332  \ _ 

_ f  333  \ _ 

_ X  334  \ _ 

_ f  335  \ _ 

f33 

RESTART 

STATE[7:0] 

a 

57 

57 

57 

57 

57 

ADDR[23:0] 

a 

X 001000 

X 002000 

X  004000 

X 008000 

X 010000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

133500 

133600 

133700 

133800 

133900 

|  3400 

CLOCK 

ru 

7336  \ _ 

_ f  337  \ _ 

_ f  338  \ _ 

_ X  339  \ _ 

_ f  340  \ _ 

f34 

RESTART 

STATE[7:0] 

a 

57 

57 

57 

57 

57 

ADDR[23:0] 

a 

X 020000 

X 040000 

X 080000 

X looooo 

X  200000 

RTWF 

<ZD 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

93 


Time  (ns) 

|34000 

|34100 

|34200 

|34300 

| 34400 

|  3450 

CLOCK 

ru 

7  341  \ _ 

_ f  342  \ _ 

_ f  343  \ _ 

_ f  344  \ _ 

_ f  345  \ _ 

fl4 

RESTART 

STATE[7:0] 

<ZD 

57 

57 

XC5 

X58 

58 

ADDR[23:0] 

a 

X 400000 

X 800000 

800000 

X 000001 

X  000002 

_ t 

RTWF 

<=□ 

1 

1 

1 

\0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMPARE  ENABLE 

a 

1 

1 

1 

\o 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

51 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|34500 

| 34600 

|34700 

| 34800 

|34900 

|  3500 

CLOCK 

ru 

7346  \ _ 

_ f  347  \ _ 

_ f  348  \ _ 

_ f 349  \ _ 

_ f350  \ _ 

f35 

RESTART 

STATE[7:0] 

58 

58 

58 

58 

58 

ADDR[23:0] 

a 

X 000004 

X 000008 

X 000010 

X 000020 

X  000040 

X 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|35000 

|35100 

|35200 

|35300 

|35400 

I  3550 

CLOCK 

ru 

7351  \ _ 

_ X  352  \ _ 

_ f  353  \ _ 

_ X  354  \ _ 

_ f  355  \ _ 

fls 

RESTART 

STATE[7:0] 

<ZD 

58 

58 

58 

58 

58 

ADDR[23:0] 

a 

X 000080 

X 000100 

X 000200 

X  000400 

X  000800 

l 

RTWF 

<=□ 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  ARE  EN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|35500 

|35600 

|35700 

|35800 

|35900 

|  3600 

CLOCK 

ru 

7356  \ _ 

_ X  357  \ _ 

_ f  358  \ _ 

_ X  359  \ _ 

_ f  360  \ _ 

fie 

RESTART 

STATE[7:0] 

58 

58 

58 

58 

58 

ADDR[23:0] 

a 

X 001000 

X 002000 

X  004000 

X 008000 

X 010000 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

94 


Time  (ns) 

|36000 

|36100 

|36200 

|36300 

|36400 

|  3650 

CLOCK 

ru 

J 361  \ _ 

_ f 362  \ _ 

_ f  363  \ _ 

_ X  364  \ _ 

_ f  365  \ _ 

f36 

RESTART 

STATE[7:0] 

<ZD 

58 

58 

58 

58 

58 

ADDR[23:0] 

a 

X 020000 

X 040000 

X 080000 

X 100000 

X  200000 

% 

RTWF 

<=□ 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  ARE  EN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|36500 

|36600 

|36700 

|36800 

|36900 

|  3700 

CLOCK 

ru 

J 366  \ _ 

_ f 367  \ _ 

_ f  368  \ _ 

_ X  369  \ _ 

_ f  370  \ _ 

f37 

RESTART 

STATE[7:0] 

58 

58 

X  59 

X5A 

X5B 

ADDR[23:0] 

a 

X 400000 

X 800000 

800000 

X  000040 

X  000001 

X 

RTWF 

■a 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

/i 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|37000 

|37100 

|37200 

|37300 

|37400 

|  3750 

CLOCK 

ru 

_f  371  \ _ 

_ f  372  \ _ 

_ f  373  \ _ 

_ f  374  \ _ 

_ f315  \ _ 

fli 

RESTART 

STATE[7:0] 

-a 

5B 

5B 

5B 

5B 

5B 

ADDR[23:0] 

a 

X 000002 

X 000004 

X 000008 

X 000010 

X  000020 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|37500 

| 37600 

|37700 

| 37800 

|37900 

|  3800 

CLOCK 

ru 

_f  376  \ _ 

_ f  377  \ _ 

_ f  378  \ _ 

_ f  379  \ _ 

_ f  380  \ _ 

fss 

RESTART 

STATE[7:0] 

5B 

5B 

5B 

5B 

5B 

ADDR[23:0] 

a 

X 000040 

X 000080 

X 000100 

X 000200 

X  000400 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

95 


Time  (ns) 

138000 

|38100 

|38200 

138300 

|38400 

|  3850 

CLOCK 

ru 

J 381  \ _ 

_ f  382  \ _ 

_ f  383  \ _ 

_ X  384  \ _ 

_ f  385  \ _ 

fss 

RESTART 

STATE[7:0] 

a 

5B 

5B 

5B 

5B 

5B 

ADDR[23:0] 

a 

X 000800 

X 001000 

X 002000 

X  004000 

X  008000 

X 

RTWF 

<ZD 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3  :Q] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:Q] 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:01 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|38500 

|38600 

|38700 

|38800 

|38900 

|  390C 

CLOCK 

ru 

_f  386  \ _ 

_ f  387  \ _ 

_ f  388  \ _ 

_ f 389  \ _ 

_ f390  \ _ 

RESTART 

STATE[7:0] 

<ZD 

5B 

5B 

5B 

5B 

5B 

ADDR[23:0] 

a 

X 010000 

X 020000 

X  040000 

X 080000 

X 100000 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|39000 

|39100 

|39200 

|3930O 

|39400 

|  3950 

CLOCK 

ru 

_f  391  \ _ 

_ f  392  \ _ 

_ f  393  \ _ 

_ X  394  \ _ 

_ f  395  \ _ 

f39 

RESTART 

STATE[7:0] 

5B 

5B 

5B 

XC6 

X5C 

ADDR[23:0] 

a 

X 200000 

X 400000 

X 800000 

800000 

X  oooooi 

_ t 

RTWF 

1 

1 

1 

1 

\0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

C  OMP  ARE_EN  ABLE 

a 

1 

1 

1 

1 

\0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|39500 

|39600 

|39700 

|39800 

|39900 

1 4000 

CLOCK 

ru 

_f  396  \ _ 

_ f  397  \ _ 

_ f  398  \ _ 

_ X  399  \ _ 

_ f  400  \ _ 

^40 

RESTART 

STATE[7:0] 

5C 

5C 

5C 

5C 

5C 

ADDR[23:0] 

a 

X 000002 

X 000004 

X 000008 

X 000010 

X  000020 

1 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

C  OMP  ARE  EN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

96 


Time  (ns) 

|40000 

|40100 

|40200 

|40300 

|40400 

1 4050 

CLOCK 

ru 

J 401  \ _ 

_ 402  \ _ 

_ f  403  \ _ 

_ f 404  \ _ 

_ _f  405  \ _ 

^40 

RESTART 

STATE[7:0] 

5C 

5C 

5C 

5C 

5C 

ADDR[23:0] 

a 

X 000040 

X 000080 

X 000100 

X 000200 

X  000400 

X 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

o 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|40500 

|40600 

|40700 

|40800 

|40900 

1 4100 

CLOCK 

ru 

J 406  \ _ 

_ _f  407  \ _ 

_ f  408  \ _ 

_ f 409  \ _ 

_ 410  \ _ 

f41 

RESTART 

STATE[7:0] 

5C 

5C 

5C 

5C 

5C 

ADDR[23:0] 

a 

X 000800 

X 001000 

X 002000 

X  004000 

X  008000 

X 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|41000 

|41100 

|41200 

|41300 

|41400 

1 4150 

CLOCK 

ru 

7411  \ _ 

_ _f  412  \ _ 

_ f  413  \ _ 

_ f 414  \ _ 

_ 9  415  \ _ 

__J 41 

RESTART 

o 

STATE[7:0] 

5C 

5C 

5C 

5C 

5C 

ADDR[23:0] 

a 

X 010000 

X 020000 

X  040000 

X 080000 

X 100000 

X. 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  ARE  EN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

57 

57 

57 

57 

57 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|41500 

|41600 

|41700 

|41800 

|41900 

1 4200 

CLOCK 

ru 

J 416  \ _ 

_ ^417  \ _ 

_ f  418  \ _ 

_ f419  \ _ 

_ J*  420  \ _ 

f42 

RESTART 

STATE[7:0] 

5C 

5C 

5C 

X5D 

X  5E 

'L 

ADDR[23:0] 

a 

X 200000 

X 400000 

X 800000 

800000 

X  000080 

l 

RTWF 

0 

0 

0 

0 

0 

f 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

X  555555 

l 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

X  555555 

7 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

f 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

57 

57 

57 

57 

57 

X 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

97 


Time  (ns) 

142000 

|42100 

142200 

|42300 

|42400 

1 4250 

CLOCK 

ru 

J 421  \ _ 

_ J  422  \ _ 

_ f  423  \ _ 

_ f 424  \ _ 

_ J425  \ _ 

__f42 

RESTART 

STATE[7:0] 

a 

_ X5F 

5F 

5F 

5F 

5F 

ADDR[23:0] 

a 

X 000001 

X 000002 

X  000004 

X 000008 

X  000010 

X 

RTWF 

<ZD 

_ / 1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

X AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3  :Q] 

a 

X AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

_ /  1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:Q] 

X  5F 

5F 

5F 

5F 

5F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|42500 

|42600 

|42700 

|42800 

|42900 

1 430C 

CLOCK 

ru 

_f  426  \ _ 

_ f 427  \ _ 

_ f  428  \ _ 

_ f 429  \ _ 

_ f  430  \ _ 

f~43 

RESTART 

STATE[7:0] 

<ZD 

5F 

5F 

5F 

5F 

5F 

ADDR[23:0] 

a 

X 000020 

X 000040 

X 000080 

X 000100 

X  000200 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE  EN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

5F 

5F 

5F 

5F 

5F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|43000 

|43100 

|43200 

|43300 

|43400 

1 4350 

CLOCK 

ru 

J 431  \ _ 

_ f 432  \ _ 

_ f  433  \ _ 

_ f 434  \ _ 

_ f  435  \ _ 

f~43 

RESTART 

STATE[7:0] 

5F 

5F 

5F 

5F 

5F 

ADDR[23:0] 

a 

X 000400 

X 000800 

X 001000 

X 002000 

X  004000 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

C  OMP  ARE_EN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

5F 

5F 

5F 

5F 

5F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|43500 

|43600 

|43700 

|43800 

|43900 

1 4400 

CLOCK 

ru 

J 436  \ _ 

_ f 437  \ _ 

_ f  438  \ _ 

_ f 439  \ _ 

_ f  440  \ _ 

^44 

RESTART 

STATE[7:0] 

a 

5F 

5F 

5F 

5F 

5F 

ADDR[23:0] 

a 

X 008000 

X 010000 

X 020000 

X  040000 

X  080000 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

5F 

5F 

5F 

5F 

5F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

98 


Time  (ns) 

|44000 

|44100 

|44200 

|44300 

| 44400 

1 4450 

CLOCK 

ru 

_f  441  \ _ 

_ f 442  \ _ 

_ f  443  \ _ 

_ f 444  \ _ 

_ f  445  \ _ 

^44 

RESTART 

STATE[7:0] 

<ZD 

5F 

5F 

5F 

5F 

X  C7 

X 

ADDR[23:0] 

a 

X 100000 

X 200000 

X 400000 

X 800000 

800000 

X 

RTWF 

<=□ 

1 

1 

1 

1 

1 

V 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  ARE  EN  AB  LE 

a 

1 

1 

1 

1 

1 

V 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

5F 

5F 

5F 

5F 

5F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|44500 

| 44600 

|44700 

|44800 

|44900 

1 4500 

CLOCK 

ru 

J 446  \ _ 

_ J  447  \ _ 

_ f  448  \ _ 

_ f 449  \ _ 

_ _f  450  \ _ 

f~45 

RESTART 

STATE[7:0] 

X  60 

60 

60 

60 

60 

ADDR[23:0] 

a 

X 000001 

X 000002 

X  000004 

X 000008 

X  000010 

X 

RTWF 

<=□ 

V  o 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

o 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

5F 

5F 

5F 

5F 

5F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|45000 

|45100 

|45200 

|45300 

|45400 

1 4550 

CLOCK 

ru 

7451  \ _ 

_ J*452  \ _ 

_ f  453  \ _ 

_ f 454  \ _ 

_ _f  455  \ _ 

__f45 

RESTART 

STATE[7:0] 

a 

60 

60 

60 

60 

60 

ADDR[23:0] 

a 

X 000020 

X 000040 

X 000080 

X 000100 

X  000200 

l 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

5F 

5F 

5F 

5F 

5F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|45500 

|45600 

|45700 

|45800 

|45900 

1 4600 

CLOCK 

ru 

_f  456  \ _ 

_ _f  A51  \ _ 

_ f  458  \ _ 

_ f 459  \ _ 

_ J  460  \ _ 

_ J46 

RESTART 

STATE[7:0] 

-a 

60 

60 

60 

60 

60 

ADDR[23:0] 

a 

X 000400 

X 000800 

X 001000 

X 002000 

X  004000 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

■a 

5F 

5F 

5F 

5F 

5F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

99 


Time  (ns) 

146000 

146100 

146200 

146300 

146400 

1 4650 

CLOCK 

ru 

J 461  \ _ 

_ _f  462  \ _ 

_ f  463  \ _ 

_ f 464  \ _ 

_ _f  465  \ _ 

_ J46 

RESTART 

STATE[7:0] 

a 

60 

60 

60 

60 

60 

ADDR[23:0] 

a 

X 008000 

X 010000 

X 020000 

X  040000 

X  080000 

l 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

5F 

5F 

5F 

5F 

5F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

<z\ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|46500 

|46600 

|46700 

|46800 

|46900 

1 4700 

CLOCK 

ru 

J 466  \ _ 

_ _f  467  \ _ 

_ f  468  \ _ 

_ _f  469  \ _ 

_ 470  \ _ 

__f41 

RESTART 

STATE[7:0] 

60 

60 

60 

60 

X  61 

t 

ADDR[23:0] 

a 

X 100000 

X 200000 

X 400000 

X 800000 

800000 

l 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

t 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

X" 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

5F 

5F 

5F 

5F 

5F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|47000 

|47100 

147200 

|47300 

| 47400 

1 4750 

CLOCK 

ru 

_f  471  \ _ 

_ f  472  \ _ 

_ f  473  \ _ 

_ f  474  \ _ 

_ f  475  \ _ 

X47 

RESTART 

STATE[7:0] 

X63 

63 

63 

63 

ADDR[23:0] 

a 

X 000100 

X 000001 

X 000002 

X  000004 

X  000008 

X 

RTWF 

0 

/I 

1 

1 

1 

WRITE_DATA[23:0] 

X  555555 

X  AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

X  555555 

X AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

_ /i 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

5F 

X  63 

63 

63 

63 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|47500 

|47600 

|47700 

|47800 

|47900 

1 4800 

CLOCK 

ru 

_f  476  \ _ 

_ f  477  \ _ 

_ f  478  \ _ 

_ f  479  \ _ 

_ J  480  \ _ 

__J 48 

RESTART 

STATE[7:0] 

-a 

63 

63 

63 

63 

63 

ADDR[23:0] 

a 

X 000010 

X 000020 

X  000040 

X 000080 

X 000100 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

63 

63 

63 

63 

63 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

100 


Time  (ns) 

|48000 

|48100 

|48200 

|48300 

|48400 

1 4850 

CLOCK 

ru 

_f  481  \ _ 

_ J  482  \ _ 

_ f  483  \ _ 

_ f 484  \ _ 

_ _f  485  \ _ 

^48 

RESTART 

STATE[7:0] 

63 

63 

63 

63 

63 

ADDR[23:0] 

a 

X 000200 

X 000400 

X 000800 

X 001000 

X  002000 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

63 

63 

63 

63 

63 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|48500 

|48600 

|48700 

|48800 

|48900 

1 4900 

CLOCK 

ru 

J 486  \ _ 

_ J  487  \ _ 

_ f  488  \ _ 

_ f 489  \ _ 

_ _f  490  \ _ 

_ J49 

RESTART 

STATE[7:0] 

63 

63 

63 

63 

63 

ADDR[23:0] 

a 

X 004000 

X 008000 

X 010000 

X 020000 

X  040000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

63 

63 

63 

63 

63 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|49000 

|49100 

|49200 

|49300 

|49400 

1 495C 

CLOCK 

ru 

_f  491  \ _ 

_ _f  492  \ _ 

_ f  493  \ _ 

_ f 494  \ _ 

_ J*  495  \ _ 

_ J49 

RESTART 

STATE[7:0] 

-a 

63 

63 

63 

63 

63 

X 

ADDR[23:0] 

a 

X 080000 

X 100000 

X 200000 

X 400000 

X  800000 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

V 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

63 

63 

63 

63 

63 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|49500 

|49600 

|49700 

|49800 

|49900 

|  5000 

CLOCK 

ru 

J 496  \ _ 

_ f 497  \ _ 

_ f  498  \ _ 

_ f 499  \ _ 

_ f5Q0  \ _ 

fso 

RESTART 

STATE[7:0] 

<ZD 

^XC8 

X  64 

64 

64 

64 

ADDR[23:0] 

a 

800000 

X 000001 

X 000002 

X  000004 

X  000008 

_ X. 

RTWF 

a 

1 

\0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

^0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

63 

63 

63 

63 

63 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

101 


Time  (ns) 

|50000 

|501O0 

|50200 

|50300 

|50400 

|  5050 

CLOCK 

ru 

_f  501  \ _ 

_ f 502  \ _ 

_ f  503  \ _ 

_ X  504  \ _ 

_ f  505  \ _ 

X~50 

RESTART 

o 

STATE[7:0] 

a 

64 

64 

64 

64 

64 

ADDR[23:0] 

a 

X 000010 

X 000020 

X  000040 

X 000080 

X  000100 

X 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:Q] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

o 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

63 

63 

63 

63 

63 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|50500 

|506O0 

|50700 

|50800 

|50900 

|  5100 

CLOCK 

ru 

J 506  \ _ 

_ f  507  \ _ 

_ f  508  \ _ 

_ X  509  \ _ 

_ X  510  \ _ 

X~51 

RESTART 

STATE[7:0] 

64 

64 

64 

64 

64 

ADDR[23:0] 

a 

X 000200 

X 000400 

X 000800 

X 001000 

X  002000 

X 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

■a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

63 

63 

63 

63 

63 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|51000 

|51100 

|51200 

o 

o 

|51400 

|  5150 

CLOCK 

ru 

511  \ _ 

_ X 512  \ _ 

_ f  513  \ _ 

_ X  5 14  \ _ 

_ ?515  \ _ 

X~51 

RESTART 

STATE[7:0] 

64 

64 

64 

64 

64 

ADDR[23:0] 

a 

X 004000 

X 008000 

X 010000 

X 020000 

X  040000 

X. 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3  :Q] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

63 

63 

63 

63 

63 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|51500 

|51600 

|51700 

|51800 

|51900 

|  5200 

CLOCK 

ru 

_/516  \ _ 

_ f 517  \ _ 

_ f  518  \ _ 

_ X  5 19  \ _ 

_ f  520  \ _ 

X~52 

RESTART 

STATE[7:0] 

-a 

64 

64 

64 

64 

64 

X 

ADDR[23:0] 

a 

X 080000 

X 100000 

X 200000 

X 400000 

X  800000 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

63 

63 

63 

63 

63 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

102 


Time  (ns) 

152000 

|52100 

152200 

o 

o 

n 

152400 

|  5250 

CLOCK 

ru 

7521  \ _ 

_ f  522  \ _ 

_ f  523  \ _ 

_ X  524  \ _ 

_ f  525  \ _ 

X~52 

RESTART 

STATE[7:0] 

a 

U.65 

X  66 

X67 

67 

67 

ADDR[23:0] 

a 

800000 

X 000200 

X 000001 

X 000002 

X  000004 

X 

RTWF 

a 

0 

0 

/I 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

X 555555 

Xaaaaaa 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

X  555555 

Xaaaaaa 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

/I 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

63 

63 

X67 

67 

67 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|52500 

|52600 

|52700 

|52800 

|52900 

|  5300 

CLOCK 

ru 

7526  \ _ 

_ X  527  \ _ 

_ f  528  \ _ 

_ X  529  \ _ 

_ f  530  \ _ 

X~53 

RESTART 

STATE[7:0] 

67 

67 

67 

67 

67 

ADDR[23:0] 

a 

X 000008 

X 000010 

X 000020 

X  000040 

X  000080 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

67 

67 

67 

67 

67 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|53000 

|53100 

|53200 

|53300 

|53400 

|  5350 

CLOCK 

ru 

7531  \ _ 

_ X  532  \ _ 

_ f  533  \ _ 

_ X  534  \ _ 

_ f  535  \ _ 

X~53 

RESTART 

STATE[7:0] 

-a 

67 

67 

67 

67 

67 

ADDR[23:0] 

a 

X 000100 

X 000200 

X  000400 

X 000800 

X 001000 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

67 

67 

67 

67 

67 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|53500 

|53600 

|53700 

|53800 

|53900 

|  5400 

CLOCK 

ru 

7536  \ _ 

_ X  537  \ _ 

_ f  538  \ _ 

_ X  539  \ _ 

_ f  540  \ _ 

X~54 

RESTART 

STATE[7:0] 

67 

67 

67 

67 

67 

ADDR[23:0] 

a 

X 002000 

X 004000 

X 008000 

X 010000 

X  020000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE_EN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

67 

67 

67 

67 

67 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

103 


Time  (ns) 

154000 

154100 

154200 

154300 

| 54400 

|  5450 

CLOCK 

ru 

7541  \ _ 

_ f  542  \ _ 

_ f  543  \ _ 

_ f  544  \ _ 

_ f  545  \ _ 

X~54 

RESTART 

STATE[7:0] 

a 

67 

67 

67 

67 

67 

ADDR[23:0] 

a 

X 040000 

X 080000 

X 100000 

X 200000 

X 400000 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

67 

67 

67 

67 

67 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|54500 

| 54600 

|54700 

| 54800 

|54900 

|  5500 

CLOCK 

ru 

7546  \ _ 

_ f  547  \ _ 

_ f  548  \ _ 

_ f 549  \ _ 

_ f550  \ _ 

f~55 

RESTART 

STATE[7:0] 

67 

XC9 

X  68 

68 

68 

ADDR[23:0] 

a 

X 800000 

800000 

X 000001 

X 000002 

X  000004 

_ t 

RTWF 

■a 

1 

1 

\0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

1 

1 

\0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

67 

67 

67 

67 

67 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|55000 

|55100 

|55200 

|55300 

|55400 

|  5550 

CLOCK 

ru 

7551  \ _ 

_ f 552  \ _ 

_ f  553  \ _ 

_ f 554  \ _ 

_ f  555  \ _ 

__f~55 

RESTART 

STATE[7:0] 

a 

68 

68 

68 

68 

68 

ADDR[23:0] 

a 

X 000008 

X 000010 

X 000020 

X  000040 

X  000080 

l 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

67 

67 

67 

67 

67 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|55500 

|55600 

|55700 

|55800 

|55900 

|  5600 

CLOCK 

ru 

7  556  \ _ 

_ f  551  \ _ 

_ f  558  \ _ 

_ X  559  \ _ 

_ f56 0  \ _ 

f~56 

RESTART 

STATE[7:0] 

68 

68 

68 

68 

68 

ADDR[23:0] 

a 

X 000100 

X 000200 

X  000400 

X 000800 

X  001000 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

67 

67 

67 

67 

67 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

104 


Time  (ns) 

|56000 

|56100 

|56200 

|56300 

|56400 

|  5650 

CLOCK 

ru 

_f  561  \ _ 

_ f 562  \ _ 

_ f  563  \ _ 

_ f 564  \ _ 

_ f  565  \ _ 

X~56 

RESTART 

STATE[7:0] 

68 

68 

68 

68 

68 

ADDR[23:0] 

a 

X 002000 

X 004000 

X 008000 

X 010000 

X  020000 

X 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

■a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

67 

67 

67 

67 

67 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:01 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|56500 

|56600 

|56700 

|56800 

|56900 

|  5700 

CLOCK 

ru 

_f  566  \ _ 

_ f 567  \ _ 

_ f  568  \ _ 

_ X  569  \ _ 

_ f  570  \ _ 

f57 

RESTART 

STATE[7:0] 

■a 

68 

68 

68 

68 

68 

ADDR[23:0] 

a 

X 040000 

X 080000 

X 100000 

X 200000 

X 400000 

X 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

67 

67 

67 

67 

67 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|57000 

|57100 

|57200 

|57300 

|57400 

|  5750 

CLOCK 

ru 

_f  571  \ _ 

_ f  572  \ _ 

_ f  573  \ _ 

_ f  574  \ _ 

_ f  575  \ _ 

__f~57 

RESTART 

STATE[7:0] 

a 

68 

X  69 

X6A 

X6B 

6B 

ADDR[23:0] 

a 

X 800000 

800000 

X  000400 

X 000001 

X  000002 

X 

RTWF 

0 

0 

0 

/l 

1 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

X  555555 

X AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

X  555555 

X AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

0 

0 

0 

/i 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

67 

67 

67 

X6B 

6B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|57500 

| 57600 

|57700 

| 57800 

|57900 

|  5800 

CLOCK 

ru 

_f  576  \ _ 

_ f  511  \ _ 

_ f  578  \ _ 

_ X  579  \ _ 

_ f  580  \ _ 

fJs 

RESTART 

STATE[7:0] 

6B 

6B 

6B 

6B 

6B 

ADDR[23:0] 

a 

X 000004 

X 000008 

X 000010 

X 000020 

X  000040 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

6B 

6B 

6B 

6B 

6B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

105 


Time  (ns) 

|58000 

|58100 

|58200 

|58300 

|58400 

|  5850 

CLOCK 

ru 

7581  \ _ 

_ f 582  \ _ 

_ f  583  \ _ 

_ X  584  \ _ 

_ f  585  \ _ 

__7~58 

RESTART 

STATE[7:0] 

■a 

6B 

6B 

6B 

6B 

6B 

ADDR[23:0] 

a 

X 000080 

X 000100 

X 000200 

X  000400 

X  000800 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

6B 

6B 

6B 

6B 

6B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|58500 

|58600 

|58700 

|58800 

|58900 

|  5900 

CLOCK 

ru 

7586  \ _ 

_ f 587  \ _ 

_ f  588  \ _ 

_ f 589  \ _ 

_ f  590  \ _ 

f~59 

RESTART 

STATE[7:0] 

a 

6B 

6B 

6B 

6B 

6B 

ADDR[23:0] 

a 

X 001000 

X 002000 

X  004000 

X 008000 

X 010000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

6B 

6B 

6B 

6B 

6B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|59000 

|59100 

|59200 

|5930O 

|59400 

|  5950 

CLOCK 

ru 

7591  \ _ 

_ f 592  \ _ 

_ f  593  \ _ 

_ f 594  \ _ 

_ f595  \ _ 

f~59 

RESTART 

STATE[7:0] 

a 

6B 

6B 

6B 

6B 

6B 

ADDR[23:0] 

a 

X 020000 

X 040000 

X 080000 

X 100000 

X  200000 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

6B 

6B 

6B 

6B 

6B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|59500 

|59600 

|59700 

|59800 

|59900 

|  6000 

CLOCK 

ru 

7596  \ _ 

_ f 597  \ _ 

_ f  598  \ _ 

_ f599  \ _ 

_ f  600  \ _ 

fe o 

RESTART 

STATE[7:0] 

■a 

6B 

6B 

X  CA 

X6C 

6C 

ADDR[23:0] 

a 

X 400000 

X 800000 

800000 

X 000001 

X  000002 

_ t 

RTWF 

1 

1 

1 

\0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE_EN  ABLE 

a 

1 

1 

1 

\o 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

6B 

6B 

6B 

6B 

6B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

106 


Time  (ns) 

160000 

|60100 

|60200 

|60300 

| 60400 

|  6050 

CLOCK 

ru 

Je  oi  \ _ 

_ f 602  \ _ 

_ f  603  \ _ 

_ f  604  \ _ 

_ f  605  \ _ 

__fe o 

RESTART 

STATE[7:0] 

a 

6C 

6C 

6C 

6C 

6C 

ADDR[23:0] 

a 

X 000004 

X 000008 

X 000010 

X 000020 

X  000040 

X. 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

6B 

6B 

6B 

6B 

6B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|60500 

| 60600 

|60700 

| 60800 

|60900 

|  6100 

CLOCK 

ru 

J  606  \ _ 

_ f 607  \ _ 

_ f  608  \ _ 

_ f 609  \ _ 

_ f  610  \ _ 

_J~6 1 

RESTART 

STATE[7:0] 

6C 

6C 

6C 

6C 

6C 

ADDR[23:0] 

a 

X 000080 

X 000100 

X 000200 

X  000400 

X  000800 

X. 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

6B 

6B 

6B 

6B 

6B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|61000 

|61100 

o\ 

to 

o 

o 

|61300 

|61400 

|  6150 

CLOCK 

ru 

J6U  \ _ 

_ f  612  \ _ 

_ f  613  \ _ 

_ f 614  \ _ 

_ f  615  \ _ 

f~6 1 

RESTART 

STATE[7:0] 

a 

6C 

6C 

6C 

6C 

6C 

ADDR[23:0] 

a 

X 001000 

X 002000 

X  004000 

X 008000 

X 010000 

X. 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

6B 

6B 

6B 

6B 

6B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|61500 

|61600 

|61700 

|61800 

|61900 

|  6200 

CLOCK 

ru 

_f  616  \ _ 

_ f  617  \ _ 

_ f  618  \ _ 

_ X  619  \ _ 

_ f  620  \ _ 

fe i 

RESTART 

STATE[7:0] 

■a 

6C 

6C 

6C 

6C 

6C 

ADDR[23:0] 

a 

X 020000 

X 040000 

X 080000 

X 100000 

X  200000 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE_EN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

6B 

6B 

6B 

6B 

6B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

107 


Time  (ns) 

|62000 

|62100 

|62200 

|62300 

| 62400 

|  6250 

CLOCK 

ru 

_f  621  \ _ 

_ f 622  \ _ 

_ f  623  \ _ 

_ f  624  \ _ 

_ f  625  \ _ 

f6 2 

RESTART 

STATE[7:0] 

■a 

6C 

6C 

_ X6D 

X6E 

_ X6F 

ADDR[23:0] 

a 

X 400000 

X 800000 

800000 

X 000800 

X  000001 

X 

RTWF 

a 

0 

0 

0 

0 

/I 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

X  555555 

X AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

X  555555 

X AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

/  1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

6B 

6B 

6B 

6B 

X  6F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 
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000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|71500 

|71600 

|71700 

|71800 

|71900 

|  7200 

CLOCK 

ru 

J  716  \ _ 

_ f 111  \ _ 

_ f  718  \ _ 

_ f  719  \ _ 

_ fl2Q  \ _ 

fli 

RESTART 

STATE[7:0] 

a 

74 

74 

74 

74 

74 

ADDR[23:0] 

a 

X 008000 

X 010000 

X 020000 

X  040000 

X  080000 

X. 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

73 

73 

73 

73 

73 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

112 


Time  (ns) 

172000 

|72100 

172200 

| 72300 

| 72400 

|  7250 

CLOCK 

ru 

7721  \ _ 

_ f  722  \ _ 

_ f  723  \ _ 

_ f  724  \ _ 

_ fl25  \ _ 

fl2 

RESTART 

STATE[7:0] 

a 

74 

74 

74 

74 

X  75 

X 

ADDR[23:0] 

a 

X 100000 

X 200000 

X 400000 

X 800000 

800000 

X 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

X 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

X 

RAM  DATAr23:0l 

o 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

73 

73 

73 

73 

73 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|72500 

| 72600 

| 72700 

| 72800 

| 72900 

|  7300 

CLOCK 

ru 

7726  \ _ 

_ f  111  \ _ 

_ f  728  \ _ 

_ f  729  \ _ 

_ fl30  \ _ 

fT3 

RESTART 

STATE[7:0] 

X  76 

X77 

77 

77 

77 

ADDR[23:0] 

a 

X 002000 

X 000001 

X 000002 

X  000004 

X  000008 

X 

RTWF 

0 

/I 

1 

1 

1 

WRITE_DATA[23:0] 

X  555555 

X  AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

X  555555 

X AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

/i 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

73 

X  77 

77 

77 

77 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS[23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|73000 

|73100 

|73200 

|73300 

| 73400 

|  7350 

CLOCK 

ru 

7731  \ _ 

_ f  132  \ _ 

_ f  133  \ _ 

_ f  734  \ _ 

_ fl35  \ _ 

fT3 

RESTART 

STATE[7:0] 

-a 

77 

77 

77 

77 

77 

ADDR[23:0] 

a 

X 000010 

X 000020 

X  000040 

X 000080 

X  000100 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

77 

77 

77 

77 

77 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|73500 

| 73600 

|73700 

| 73800 

|73900 

|  7400 

CLOCK 

ru 

7736  \ _ 

_ f  131  \ _ 

_ f  738  \ _ 

_ f  739  \ _ 

_ f  740  \ _ 

fl4 

RESTART 

STATE[7:0] 

77 

77 

77 

77 

77 

ADDR[23:0] 

a 

X 000200 

X 000400 

X 000800 

X 001000 

X  002000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

77 

77 

77 

77 

77 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

113 


Time  (ns) 

174000 

| 74100 

| 74200 

| 74300 

| 74400 

|  7450 

CLOCK 

ru 

7741  \ _ 

_ f  742  \ _ 

_ f  743  \ _ 

_ f  744  \ _ 

_ fl45  \ _ 

fl4 

RESTART 

STATE[7:0] 

a 

77 

77 

77 

77 

77 

ADDR[23:0] 

a 

X 004000 

X 008000 

X 010000 

X 020000 

X  040000 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

77 

77 

77 

77 

77 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|74500 

| 74600 

| 74700 

| 74800 

| 74900 

|  7500 

CLOCK 

ru 

7746  \ _ 

_ f  747  \ _ 

_ f  748  \ _ 

_ f  749  \ _ 

_ fl50  \ _ 

fl5 

RESTART 

STATE[7:0] 

77 

77 

77 

77 

77 

X 

ADDR[23:0] 

a 

X 080000 

X 100000 

X 200000 

X 400000 

X  800000 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

77 

77 

77 

77 

77 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

175000 

|75100 

175200 

|75300 

| 75400 

|  7550 

CLOCK 

ru 

7751  \ _ 

_ f  752  \ _ 

_ f  753  \ _ 

_ f  754  \ _ 

_ fl55  \ _ 

__fl5 

RESTART 

STATE[7:0] 

a 

^XCD 

X  78 

78 

78 

78 

ADDR[23:0] 

a 

800000 

X 000001 

X 000002 

X  000004 

X  000008 

_ X 

RTWF 

a 

1 

\0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

1 

\o 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

77 

77 

77 

77 

77 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|75500 

| 75600 

|75700 

| 75800 

|75900 

|  7600 

CLOCK 

ru 

7756  \ _ 

_ f  151  \ _ 

_ f  758  \ _ 

_ f  759  \ _ 

_ f  760  \ _ 

fl6 

RESTART 

STATE[7:0] 

78 

78 

78 

78 

78 

ADDR[23:0] 

a 

X 000010 

X 000020 

X  000040 

X  000080 

X 000100 

X 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

77 

77 

77 

77 

77 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

114 


Time  (ns) 

176000 

|76100 

|76200 

| 76300 

| 76400 

|  7650 

CLOCK 

ru  _f  761  \ _ 

_ f  762  \ _ 

_ f  763  \ _ 

_ f  764  \ 

_ f765  \ _ 

fl6 

RESTART 

l=Z>  _ 

STATE[7:0] 

" 

78 

78 

78 

78 

78 

ADDR[23:0] 

a  “ 

000200 

X 000400 

X 000800 

X 001000 

X  002000 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:Q] 

i  a : 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

" 

C  OMP  AREEN  ABLE  a 

0 

0 

0 

0 

0 

FLAG 

a  _ 

0 

0 

0 

0 

0 

Mode[7:0] 

" 

77 

77 

77 

77 

77 

Location[23:0] 

a  ~ 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a  ~ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a  “ 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|76500 

| 76600 

| 76700 

| 76800 

| 76900 

|  7700 

CLOCK 

ru 

_f  766  \ _ 

_ f  767  \ _ 

_ f  768  \ _ 

_ f  769  \ _ 

_ fl  70  \ _ 

fll 

RESTART 

STATE[7:0] 

78 

78 

78 

78 

78 

ADDR[23:0] 

a 

X 004000 

X 008000 

X 010000 

X 020000 

X  040000 

X 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:01 

o 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

77 

77 

77 

77 

77 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS[23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|77000 

| 77100 

| 77200 

| 77300 

| 77400 

|  7750 

CLOCK 

ru 

J 771  \ _ 

_ f  772  \ _ 

_ f  773  \ _ 

_ f  774  \ _ 

_ fll5  \ _ 

fll 

RESTART 

STATE[7:0] 

a 

78 

78 

78 

78 

78 

X 

ADDR[23:0] 

a 

X 080000 

X 100000 

X 200000 

X 400000 

X  800000 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

77 

77 

77 

77 

77 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|77500 

| 77600 

| 77700 

| 77800 

| 77900 

|  7800 

CLOCK 

ru 

J 776  \ _ 

_ fill  \ _ 

_ f  778  \ _ 

_ f  779  \ _ 

_ fim  \ _ 

f78 

RESTART 

STATE[7:0] 

a 

U,79 

X7A 

X7B 

7B 

7B 

ADDR[23:0] 

a 

800000 

X 004000 

X 000001 

X 000002 

X  000004 

X 

RTWF 

0 

0 

/I 

1 

1 

WRITE_DATA[23:0] 

-a 

AAAAAA 

X 555555 

X AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAAAAA 

X  555555 

X AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

/i 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

77 

77 

X7B 

7B 

7B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

115 


Time  (ns) 

|78000 

|78100 

|78200 

| 78300 

| 78400 

|  7850 

CLOCK 

ru 

_f  781  \ _ 

_ f  782  \ _ 

_ f  783  \ _ 

_ f  784  \ _ 

_ f7S5  \ _ 

fis 

RESTART 

STATE[7:0] 

7B 

7B 

7B 

7B 

7B 

ADDR[23:0] 

a 

X 000008 

X 000010 

X 000020 

X  000040 

X  000080 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

■a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

7B 

7B 

7B 

7B 

7B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|78500 

| 78600 

| 78700 

| 78800 

| 78900 

|  7900 

CLOCK 

ru 

J  786  \ _ 

_ f  787  \ _ 

_ f  788  \ _ 

_ f  789  \ _ 

_ f790  \ _ 

fl9 

RESTART 

STATE[7:0] 

7B 

7B 

7B 

7B 

7B 

ADDR[23:0] 

a 

X 000100 

X 000200 

X  000400 

X 000800 

X  001000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

7B 

7B 

7B 

7B 

7B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|79000 

|79100 

|79200 

| 79300 

| 79400 

|  7950 

CLOCK 

ru 

Jl9\  \ _ 

_ f  792  \ _ 

_ f  793  \ _ 

_ f  794  \ _ 

_ fl95  \ _ 

fl9 

RESTART 

STATE[7:0] 

<ZD 

7B 

7B 

7B 

7B 

7B 

ADDR[23:0] 

a 

X 002000 

X 004000 

X 008000 

X 010000 

X  020000 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  ARE  EN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

7B 

7B 

7B 

7B 

7B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|79500 

| 79600 

| 79700 

| 79800 

| 79900 

|  8000 

CLOCK 

ru 

J  796  \ _ 

_ f  191  \ _ 

_ f  798  \ _ 

_ f  199  \ _ 

_ X  800  \ _ 

__f 80 

RESTART 

STATE[7:0] 

■a 

7B 

7B 

7B 

7B 

7B 

ADDR[23:0] 

a 

X 040000 

X 080000 

X 100000 

X 200000 

X 400000 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

7B 

7B 

7B 

7B 

7B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

116 


Time  (ns) 

|80000 

| 80100 

|80200 

|80300 

| 80400 

|  8050 

CLOCK 

ru 

J 801  \ _ 

_ f 802  \ _ 

_ f  803  \ _ 

_ f  804  \ _ 

_ fS05  \ _ 

__f 80 

RESTART 

STATE[7:0] 

■a 

7B 

X  CE 

_ X7C 

7C 

7C 

ADDR[23:0] 

a 

X 800000 

800000 

X 000001 

X 000002 

X  000004 

_ )C 

RTWF 

a 

1 

1 

\0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

1 

1 

\o 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

7B 

7B 

7B 

7B 

7B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|80500 

| 80600 

|80700 

| 80800 

|80900 

|  8100 

CLOCK 

ru 

J  806  \ _ 

_ f 807  \ _ 

_ f  808  \ _ 

_ f 809  \ _ 

_ ?%  10  \ _ 

m 

RESTART 

STATE[7:0] 

7C 

7C 

7C 

7C 

7C 

ADDR[23:0] 

a 

X 000008 

X 000010 

X 000020 

X  000040 

X  000080 

X 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

7B 

7B 

7B 

7B 

7B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|81000 

| 81100 

|81200 

|81300 

|81400 

|  8150 

CLOCK 

ru 

J  811  \ _ 

_ X  812  \ _ 

_ f  813  \ _ 

_ f  814  \ _ 

_ f%l  5  \ _ 

fsl 

RESTART 

STATE[7:0] 

■a 

7C 

7C 

7C 

7C 

7C 

ADDR[23:0] 

a 

X 000100 

X 000200 

X  000400 

X 000800 

X 001000 

l 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

7B 

7B 

7B 

7B 

7B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|81500 

|81600 

|81700 

|81800 

|81900 

|  8200 

CLOCK 

ru 

7816  \ _ 

_ X  817  \ _ 

_ f  818  \ _ 

_ f 819  \ _ 

_ ?%  20  \ _ 

RESTART 

STATE[7:0] 

7C 

7C 

7C 

7C 

7C 

ADDR[23:0] 

a 

X 002000 

X 004000 

X 008000 

X 010000 

X  020000 

l 

RTWF 

<=i 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

7B 

7B 

7B 

7B 

7B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

182000 

|82100 

|82200 

|82300 

| 82400 

|  8250 

CLOCK 

ru 

J 821  \ _ 

_ f 822  \ _ 

_ f  823  \ _ 

_ f  824  \ _ 

_ fS25  \ _ 

RESTART 

STATE[7:0] 

a 

7C 

7C 

7C 

7C 

7C 

ADDR[23:0] 

a 

X 040000 

X 080000 

X 100000 

X 200000 

X 400000 

X 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

o 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

7B 

7B 

7B 

7B 

7B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|82500 

| 82600 

|82700 

| 82800 

|82900 

|  8300 

CLOCK 

ru 

_f  826  \ _ 

_ f 827  \ _ 

_ f  828  \ _ 

_ f 829  \ _ 

_ fS  30  \ _ 

f83 

RESTART 

STATE[7:0] 

7C 

X7D 

_ X7E 

X7F 

7F 

ADDR[23:0] 

a 

X 800000 

800000 

X 008000 

X 000001 

X  000002 

X 

RTWF 

0 

0 

0 

/I 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

X  555555 

X AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

X  555555 

X AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

/i 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

7B 

7B 

7B 

X7F 

7F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS[23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|83000 

|83100 

|83200 

|83300 

|83400 

|  8350 

CLOCK 

ru 

JS3l  \ _ 

_ f 832  \ _ 

_ f  833  \ _ 

_ f  834  \ _ 

_ fS3  5  \ _ 

__f 83 

RESTART 

STATE[7:0] 

7F 

7F 

7F 

7F 

7F 

ADDR[23:0] 

a 

X 000004 

X 000008 

X 000010 

X  000020 

X  000040 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3  :Q] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

7F 

7F 

7F 

7F 

7F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|83500 

|83600 

|83700 

|83800 

|83900 

|  8400 

CLOCK 

ru 

_f  836  \ _ 

_ f  837  \ _ 

_ f  838  \ _ 

_ f 839  \ _ 

_ fS  40  \ _ 

__f~S4 

RESTART 

STATE[7:0] 

a 

7F 

7F 

7F 

7F 

7F 

ADDR[23:0] 

a 

X 000080 

X 000100 

X 000200 

X  000400 

X  000800 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

7F 

7F 

7F 

7F 

7F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

184000 

184100 

|84200 

| 84300 

| 84400 

|  8450 

CLOCK 

ru  J  841  \ _ 

_ f  842  \ _ 

_ f  843  \ _ 

_ f  844  \ _ 

_ fS45  \ _ 

f 84 

RESTART 

d> 

STATE[7:0] 

a  7F 

7F 

7F 

7F 

7F 

ADDR[23:0] 

a  X ooiooo 

X 002000 

X  004000 

X 008000 

X  010000 

X 

RTWF 

a  i 

1 

1 

1 

1 

WRITE_DATA[23:Q] 

a  AAA  AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a  AAA  AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a  1 

1 

1 

1 

1 

FLAG 

a  o 

0 

0 

0 

0 

Mode[7:0] 

a  7F 

7F 

7F 

7F 

7F 

Location[23:0] 

a  000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a  AAA  AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a  000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|84500 

| 84600 

| 84700 

| 84800 

| 84900 

|  850C 

CLOCK 

ru 

J 846  V _ 

_ f  847  \ _ 

_ f  848  \ _ 

_ f  849  \ _ 

_ X850  \ _ 

f~85 

RESTART 

STATE[7:0] 

-a 

7F 

7F 

7F 

7F 

7F 

ADDR[23:0] 

a 

X 020000 

X 040000 

X 080000 

X 100000 

X  200000 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

7F 

7F 

7F 

7F 

7F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS[23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|85000 

|85100 

|85200 

| 85300 

| 85400 

|  8550 

CLOCK 

ru 

JS5l  \ _ 

_ f  852  \ _ 

_ f  853  \ _ 

_ f  854  \ _ 

_ f%55  \ _ 

f85 

RESTART 

STATE[7:0] 

7F 

7F 

XCF 

X  80 

80 

ADDR[23:0] 

a 

X 400000 

X 800000 

800000 

X 000001 

X  000002 

_ t 

RTWF 

<=i 

1 

1 

1 

\0 

0 

WRITE_DATA[23:0] 

-a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

C  OMP  ARE  EN  AB  LE 

a 

1 

1 

1 

\o 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

7F 

7F 

7F 

7F 

7F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|85500 

|85600 

|85700 

|85800 

|85900 

|  8600 

CLOCK 

ru 

_f  856  \ _ 

_ f  857  \ _ 

_ f  858  \ _ 

_ f 859  \ _ 

_ fS6  0  \ _ 

fB6 

RESTART 

STATE[7:0] 

-a 

80 

80 

80 

80 

80 

ADDR[23:0] 

a 

X 000004 

X 000008 

X 000010 

X 000020 

X  000040 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

7F 

7F 

7F 

7F 

7F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

186000 

|86100 

|86200 

186300 

| 86400 

|  8650 

CLOCK 

ru  ?z6i  \ _ 

_ f  862  \ _ 

_ f  863  \ _ 

_ f 864  \ 

_ fS65  \ _ 

__f 86 

RESTART 

l=Z>  _ 

STATE[7:0] 

" 

80 

80 

80 

80 

80 

ADDR[23:0] 

a  “ 

000080 

X 000100 

X 000200 

X  000400 

X  000800 

>1 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:Q] 

i  a : 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

" 

COMPAREENABLE  a 

0 

0 

0 

0 

0 

FLAG 

a  _ 

0 

0 

0 

0 

0 

Mode[7:0] 

" 

7F 

7F 

7F 

7F 

7F 

Location[23:0] 

a  ~ 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a  ~ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a  “ 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|86500 

| 86600 

|86700 

| 86800 

|86900 

|  8700 

CLOCK 

ru 

7  866  \ _ 

_ f 867  \ _ 

_ f  868  \ _ 

_ f 869  \ _ 

_ fS  70  \ _ 

fsi 

RESTART 

STATE[7:0] 

a 

80 

80 

80 

80 

80 

ADDR[23:0] 

a 

X 001000 

X 002000 

X  004000 

X 008000 

X 010000 

X 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATA[23:0] 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

7F 

7F 

7F 

7F 

7F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS[23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|87000 

|87100 

|87200 

| 87300 

| 87400 

|  8750 

CLOCK 

ru 

7871  \ _ 

_ f  872  \ _ 

_ f  873  \ _ 

_ f  874  \ _ 

_ fS7  5  \ _ 

fsi 

RESTART 

STATE[7:0] 

80 

80 

80 

80 

80 

ADDR[23:0] 

a 

X 020000 

X  040000 

X 080000 

X 100000 

X  200000 

l 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

7F 

7F 

7F 

7F 

7F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|87500 

| 87600 

|87700 

| 87800 

| 87900 

|  8800 

CLOCK 

ru 

7876  \ _ 

_ f  877  \ _ 

_ f  878  \ _ 

_ f 879  \ _ 

_ X  880  \ _ 

f88 

RESTART 

STATE[7:0] 

80 

80 

X  81 

X  82 

X  83 

ADDR[23:0] 

a 

X 400000 

X 800000 

800000 

X 010000 

X  000001 

X 

RTWF 

■a 

0 

0 

0 

0 

/I 

WRITE_DATA[23:0] 

-a 

AAAAAA 

AAAAAA 

AAAAAA 

X  555555 

X AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

X  555555 

X AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

/i 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

7F 

7F 

7F 

7F 

X  83 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

188000 

|88100 

|88200 

|88300 

| 88400 

|  8850 

CLOCK 

ru 

J  881  \ _ 

_ f 882  \ _ 

_ f  883  \ _ 

_ f  884  \ _ 

_ \ _ 

__f 88 

RESTART 

STATE[7:0] 

a 

83 

83 

83 

83 

83 

ADDR[23:0] 

a 

X 000002 

X 000004 

X 000008 

X 000010 

X  000020 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

83 

83 

83 

83 

83 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|88500 

| 88600 

|88700 

| 88800 

|88900 

|  8900 

CLOCK 

ru 

J  886  \ _ 

_ f 887  \ _ 

_ f  888  \ _ 

_ f 889  \ _ 

_ fS90  \ _ 

fS9 

RESTART 

STATE[7:0] 

83 

83 

83 

83 

83 

ADDR[23:0] 

a 

X 000040 

X 000080 

X 000100 

X 000200 

X  000400 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

83 

83 

83 

83 

83 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

■a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|89000 

|89100 

|89200 

|89300 

| 89400 

|  8950 

CLOCK 

ru 

J  891  \ _ 

_ f 892  \ _ 

_ f  893  \ _ 

_ f  894  \ _ 

_ fS95  \ _ 

__f~S9 

RESTART 

STATE[7:0] 

83 

83 

83 

83 

83 

ADDR[23:0] 

a 

X 000800 

X 001000 

X 002000 

X  004000 

X  008000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

83 

83 

83 

83 

83 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|89500 

| 89600 

|89700 

| 89800 

|89900 

I  9000 

CLOCK 

ru 

_f  896  \ _ 

_ f 897  \ _ 

_ f  898  \ _ 

_ f 899  \ _ 

_ f  900  \ _ 

____f~90 

RESTART 

STATE[7:0] 

a 

83 

83 

83 

83 

83 

ADDR[23:0] 

a 

X 010000 

X 020000 

X  040000 

X 080000 

X 100000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

83 

83 

83 

83 

83 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

■a 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

190000 

|90100 

190200 

190300 

| 90400 

|  9050 

CLOCK 

ru 

7  901  \ _ 

_ f 902  \ _ 

_ f  903  \ _ 

_ X  904  \ _ 

_ f  905  \ _ 

X~90 

RESTART 

STATE[7:0] 

a 

83 

83 

83 

Xdo 

X  84 

ADDR[23:0] 

a 

X 200000 

X 400000 

X 800000 

800000 

X  000001 

_ X 

RTWF 

a 

1 

1 

1 

1 

\0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

\0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

83 

83 

83 

83 

83 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|90500 

| 90600 

|90700 

| 90800 

|90900 

|  9100 

CLOCK 

ru 

7  906  \ _ 

_ f 907  \ _ 

_ f  908  \ _ 

_ X 909  \ _ 

_ f  910  \ _ 

X~91 

RESTART 

STATE[7:0] 

84 

84 

84 

84 

84 

ADDR[23:0] 

a 

X 000002 

X 000004 

X 000008 

X 000010 

X  000020 

X 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

83 

83 

83 

83 

83 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 
Time  (ns) 

000000 

|91000 

000000 

|91100 

000000 

|91200 

000000 

|91300 

000000 

|91400 

I  9150 

CLOCK 

ru 

7911  \ _ 

_ f 912  \ _ 

_ f  913  \ _ 

_ X  914  \ _ 

_ f  915  \ _ 

X~91 

RESTART 

STATE[7:0] 

a 

84 

84 

84 

84 

84 

ADDR[23:0] 

a 

X 000040 

X 000080 

X 000100 

X 000200 

X  000400 

X 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

83 

83 

83 

83 

83 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

■a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|91500 

|91600 

|91700 

|91800 

|91900 

|  9200 

CLOCK 

ru 

7916  \ _ 

_ f 917  \ _ 

_ f  918  \ _ 

_ X  919  \ _ 

_ f  920  \ _ 

X~92 

RESTART 

STATE[7:0] 

a 

84 

84 

84 

84 

84 

ADDR[23:0] 

a 

X 000800 

X 001000 

X 002000 

X  004000 

X  008000 

X 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

GO 

83 

83 

83 

83 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

|92000 

|92100 

|92200 

|92300 

| 92400 

|  9250 

CLOCK 

ru 

7  921  \ _ 

_ f 922  \ _ 

_ f  923  \ _ 

_ f  924  \ _ 

_ f  925  \ _ 

f9 2 

RESTART 

STATE[7:0] 

■a 

84 

84 

84 

84 

84 

ADDR[23:0] 

a 

X 010000 

X 020000 

X  040000 

X 080000 

X 100000 

X 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

83 

83 

83 

83 

83 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|92500 

| 92600 

|92700 

| 92800 

|92900 

I  9300 

CLOCK 

ru 

7  926  \ _ 

_ f 927  \ _ 

_ f  928  \ _ 

_ f 929  \ _ 

_ f  930  \ _ 

f~9 3 

RESTART 

STATE[7:0] 

84 

84 

84 

X85 

X  86 

X 

ADDR[23:0] 

a 

X 200000 

X 400000 

X 800000 

800000 

X  020000 

X 

RTWF 

■a 

0 

0 

0 

0 

0 

f 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

X 555555 

X 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

X  555555 

X 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

r 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

83 

83 

83 

83 

83 

X 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

■a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|93000 

|93100 

|93200 

|93300 

|93400 

|  9350 

CLOCK 

ru 

^931  \ _ 

_ X  932  \ _ 

_ f  933  \ _ 

_ f  934  \ _ 

_ f  935  \ _ 

__f~93 

RESTART 

STATE[7:0] 

a 

U<87 

87 

87 

87 

87 

ADDR[23:0] 

a 

X 000001 

X 000002 

X  000004 

X 000008 

X  000010 

X 

RTWF 

■a 

_ / 1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

X AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

X AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

_ /  1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

_ X87 

87 

87 

87 

87 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

■a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|93500 

|93600 

|93700 

|93800 

|93900 

|  940C 

CLOCK 

ru 

7936  \ _ 

_ X  937  \ _ 

_ f  938  \ _ 

_ f 939  \ _ 

_ f  940  \ _ 

f~9 4 

RESTART 

STATE[7:0] 

-a 

87 

87 

87 

87 

87 

ADDR[23:0] 

a 

X 000020 

X 000040 

X 000080 

X 000100 

X  000200 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

87 

87 

87 

87 

87 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

|94000 

|94100 

|94200 

| 94300 

| 94400 

|  9450 

CLOCK 

ru 

7941  \ _ 

_ f  942  \ _ 

_ f  943  \ _ 

_ f  944  \ _ 

_ f  945  \ _ 

f~9 4 

RESTART 

STATE[7:0] 

87 

87 

87 

87 

87 

ADDR[23:0] 

a 

X 000400 

X 000800 

X 001000 

X 002000 

X  004000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

87 

87 

87 

87 

87 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|94500 

| 94600 

| 94700 

| 94800 

| 94900 

|  9500 

CLOCK 

ru 

7946  \ _ 

_ f  947  \ _ 

_ f  948  \ _ 

_ f  949  \ _ 

_ f  950  \ _ 

__f~95 

RESTART 

STATE[7:0] 

a 

87 

87 

87 

87 

87 

ADDR[23:0] 

a 

X 008000 

X 010000 

X 020000 

X  040000 

X  080000 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

87 

87 

87 

87 

87 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|95000 

|95100 

|95200 

|95300 

|95400 

|  9550 

CLOCK 

ru 

7951  \ _ 

_ f 952  \ _ 

_ f  953  \ _ 

_ f  954  \ _ 

_ f  955  \ _ 

f~95 

RESTART 

STATE[7:0] 

87 

87 

87 

87 

X  D1 

t 

ADDR[23:0] 

a 

X 100000 

X 200000 

X 400000 

X 800000 

800000 

l 

RTWF 

1 

1 

1 

1 

1 

V 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

V 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

87 

87 

87 

87 

87 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|95500 

|95600 

|95700 

|95800 

|95900 

I  9600 

CLOCK 

ru 

7956  \ _ 

_ f  951  \ _ 

_ f  958  \ _ 

_ f 959  \ _ 

_ f  960  \ _ 

__f~96 

RESTART 

STATE[7:0] 

a 

^<88 

88 

88 

88 

88 

ADDR[23:0] 

a 

X 000001 

X 000002 

X  000004 

X 000008 

X  000010 

l 

RTWF 

■a 

^0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE_EN  ABLE 

a 

^0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

87 

87 

87 

87 

87 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

196000 

|96100 

|96200 

196300 

| 96400 

|  9650 

CLOCK 

ru  J961  \ _ 

_ f  962  \ _ 

_ f  963  \ _ 

_ f 964  \ 

_ f965  \ _ 

f~96 

RESTART 

l=Z>  _ 

STATE[7:0] 

" 

88 

88 

88 

88 

88 

ADDR[23:0] 

a  “ 

000020 

X 000040 

X 000080 

X 000100 

X  000200 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:Q] 

i  a : 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

" 

COMPAREENABLE  a 

0 

0 

0 

0 

0 

FLAG 

a  _ 

0 

0 

0 

0 

0 

Mode[7:0] 

" 

87 

87 

87 

87 

87 

Location[23:0] 

a  ~ 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a  ~ 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a  “ 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|96500 

| 96600 

|96700 

| 96800 

|96900 

|  9700 

CLOCK 

ru 

_f  966  \ _ 

_ f 967  \ _ 

_ f  968  \ _ 

_ f 969  \ _ 

_ f  970  \ _ 

f~91 

RESTART 

STATE[7:0] 

a 

88 

88 

88 

88 

88 

ADDR[23:0] 

a 

X 000400 

X 000800 

X 001000 

X 002000 

X  004000 

X 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATA[23:0] 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

87 

87 

87 

87 

87 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS[23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|97000 

|97100 

|97200 

| 97300 

| 97400 

|  9750 

CLOCK 

ru 

_f  971  \ _ 

_ f  972  \ _ 

_ f  973  \ _ 

_ f  974  \ _ 

_ f  975  \ _ 

f~91 

RESTART 

STATE[7:0] 

88 

88 

88 

88 

88 

ADDR[23:0] 

a 

X 008000 

X 010000 

X 020000 

X  040000 

X  080000 

X 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

87 

87 

87 

87 

87 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|97500 

| 97600 

|97700 

| 97800 

| 97900 

|  9800 

CLOCK 

ru 

J 976  \ _ 

_ f  977  \ _ 

_ f  978  \ _ 

_ f 979  \ _ 

_ f  980  \ _ 

f~9 8 

RESTART 

STATE[7:0] 

-a 

88 

88 

88 

88 

X  89 

ADDR[23:0] 

a 

X 100000 

X 200000 

X 400000 

X 800000 

800000 

x: 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

X. 

TEST_DATA[2  3 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

X" 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

87 

87 

87 

87 

87 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

|98000 

|98100 

|98200 

|98300 

| 98400 

|  9850 

CLOCK 

ru 

^981  \ _ 

_ f 982  \ _ 

_ f  983  \ _ 

_ f  984  \ _ 

_ f  985  \ _ 

f9 8 

RESTART 

STATE[7:0] 

■a 

X  8A 

X8B 

8B 

8B 

8B 

ADDR[23:0] 

a 

X 040000 

X 000001 

X 000002 

X  000004 

X  000008 

X 

RTWF 

a 

0 

/I 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

X  555555 

X  AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

X  555555 

X AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMPARE  ENABLE 

a 

0 

/i 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

87 

X  SB 

8B 

8B 

8B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|98500 

| 98600 

|98700 

| 98800 

|98900 

|  9900 

CLOCK 

ru 

7986  \ _ 

_ f 987  \ _ 

_ f  988  \ _ 

_ f 989  \ _ 

_ f  990  \ _ 

RESTART 

STATE[7:0] 

8B 

8B 

8B 

8B 

8B 

ADDR[23:0] 

a 

X 000010 

X 000020 

X  000040 

X  000080 

X 000100 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

8B 

8B 

8B 

8B 

8B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|99000 

|99100 

|99200 

|99300 

| 99400 

|  9950 

CLOCK 

ru 

7991  \ _ 

_ f 992  \ _ 

_ f  993  \ _ 

_ f  994  \ _ 

_ f  995  \ _ 

____f~99 

RESTART 

STATE[7:0] 

8B 

8B 

8B 

8B 

8B 

ADDR[23:0] 

a 

X 000200 

X 000400 

X 000800 

X 001000 

X  002000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

8B 

8B 

8B 

8B 

8B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|99500 

| 99600 

|99700 

| 99800 

|99900 

|  1000 

CLOCK 

ru 

7996  \ _ 

_ f 997  \ _ 

_ f  998  \ _ 

_ f 999  \ _ 

L 

o 

o 

o 

r 

^10 

RESTART 

STATE[7:0] 

■a 

8B 

8B 

8B 

8B 

8B 

ADDR[23:0] 

a 

X 004000 

X 008000 

X 010000 

X 020000 

X  040000 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

8B 

8B 

8B 

8B 

8B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

| 100000 

| 100100 

| 100200 

| 100300 

| 100400 

|  1005 

CLOCK 

ru 

^1001  \ _ 

_ f  1002  \ _ 

_ f  1003  \ _ 

_ f  1004  \ _ 

_ f  1005  \ _ 

^10 

RESTART 

STATE[7:0] 

■a 

8B 

8B 

8B 

8B 

8B 

X: 

ADDR[23:0] 

a 

X 080000 

X 100000 

X 200000 

X 400000 

X  800000 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

8B 

8B 

8B 

8B 

8B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|100500 

| 100600 

|100700 

| 100800 

| 100900 

|  1010 

CLOCK 

ru 

7  1006  \ _ 

_ f 1007  \ _ 

_ f  1008  \ _ 

_ f  1009  \ _ 

_ f  1010  \ _ 

fio 

RESTART 

STATE[7:0] 

a 

^<D2 

X8C 

8C 

8C 

8C 

ADDR[23:0] 

a 

800000 

X 000001 

X 000002 

X  000004 

X  000008 

_ X 

RTWF 

1 

\0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

\o 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

8B 

8B 

8B 

8B 

8B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

| 101000 

| 101100 

1101200 

| 101300 

1101400 

|  1015 

CLOCK 

ru 

7  1011  \ _ 

_ f  1012  \ _ 

_ f  1013  \ _ 

_ f 1014  \ _ 

_ f  1015  \ _ 

fib 

RESTART 

STATE[7:0] 

■a 

8C 

8C 

8C 

8C 

8C 

ADDR[23:0] 

a 

X 000010 

X 000020 

X  000040 

X 000080 

X  000100 

X 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE_EN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

8B 

8B 

8B 

8B 

8B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1101500 

| 101600 

1101700 

| 101800 

| 101900 

|  1020 

CLOCK 

ru 

71016  \ _ 

_ f  1017  \ _ 

_ f  1018  \ _ 

_ f  1019  \ _ 

_ f  1020  \ _ 

^10 

RESTART 

STATE[7:0] 

■a 

8C 

8C 

8C 

8C 

8C 

ADDR[23:0] 

a 

X 000200 

X 000400 

X 000800 

X 001000 

X  002000 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

8B 

8B 

8B 

8B 

8B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

| 102000 

| 102100 

| 102200 

| 102300 

| 102400 

|  1025 

CLOCK 

ru 

J  1021  \ _ 

_ f  1022  \ _ 

_ f  1023  \ _ 

_ f  1024  \ _ 

_ f  1025  \ _ 

fib 

RESTART 

STATE[7:0] 

8C 

8C 

8C 

8C 

8C 

ADDR[23:0] 

a 

X 004000 

X 008000 

X 010000 

X 020000 

X  040000 

X 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

8B 

8B 

8B 

8B 

8B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1102500 

| 102600 

1102700 

| 102800 

| 102900 

|  1030 

CLOCK 

ru 

_f  1026  \ _ 

_ f 1027  \ _ 

_ f  1028  \ _ 

_ f  1029  \ _ 

_ f  1030  \ _ 

fib 

RESTART 

STATE[7:0] 

8C 

8C 

8C 

8C 

8C 

X 

ADDR[23:0] 

a 

X 080000 

X 100000 

X 200000 

X 400000 

X  800000 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

8B 

8B 

8B 

8B 

8B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1103000 

| 103100 

1103200 

| 103300 

| 103400 

1 1035 

CLOCK 

ru 

_f  1031  \ _ 

_ f  1032  \ _ 

_ f  1033  \ _ 

_ f  1034  \ _ 

_ f  1035  \ _ 

fib 

RESTART 

STATE[7:0] 

X  8D 

X8E 

X8F 

8F 

8F 

ADDR[23:0] 

a 

800000 

X 080000 

X 000001 

X 000002 

X  000004 

X 

RTWF 

■a 

0 

0 

/I 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

X 555555 

X AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

X  555555 

X AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

/i 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

8B 

8B 

X  8F 

8F 

8F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

■a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|103500 

| 103600 

|103700 

| 103800 

|103900 

|  1040 

CLOCK 

ru 

J  1036  \ _ 

_ f 1037  \ _ 

_ f  1038  \ _ 

_ f  1039  \ _ 

_ f  1040  \ _ 

^10 

RESTART 

STATE[7:0] 

<ZD 

8F 

8F 

8F 

8F 

8F 

ADDR[23:0] 

a 

X 000008 

X 000010 

X 000020 

X  000040 

X  000080 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  ARE  EN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

8F 

8F 

8F 

8F 

8F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

1104000 

| 104100 

1104200 

| 104300 

| 104400 

|  1045 

CLOCK 

ru 

J  1041  \ _ 

_ f 1042  \ _ 

_ f  1043  \ _ 

_ f  1044  \ _ 

_ f  1045  \ _ 

fio 

RESTART 

STATE[7:0] 

8F 

8F 

8F 

8F 

8F 

ADDR[23:0] 

a 

X 000100 

X 000200 

X  000400 

X 000800 

X 001000 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R AM  D  AT A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

8F 

8F 

8F 

8F 

8F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1104500 

| 104600 

1104700 

| 104800 

| 104900 

1 1050 

CLOCK 

ru 

J  1046  \ _ 

_ f  1047  \ _ 

_ f  1048  \ _ 

_ f  1049  \ _ 

_ f  1050  \ _ 

fib 

RESTART 

STATE[7:0] 

a 

8F 

8F 

8F 

8F 

8F 

ADDR[23:0] 

a 

X 002000 

X 004000 

X 008000 

X 010000 

X  020000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

8F 

8F 

8F 

8F 

8F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

■a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|105000 

| 105100 

|105200 

| 105300 

| 105400 

|  1055 

CLOCK 

ru 

_f  1051  \ _ 

_ f  1052  \ _ 

_ f  1053  \ _ 

_ f  1054  \ _ 

_ f  1055  \ _ 

fio 

RESTART 

STATE[7:0] 

-a 

8F 

8F 

8F 

8F 

8F 

ADDR[23:0] 

a 

X 040000 

X 080000 

X 100000 

X 200000 

X 400000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

8F 

8F 

8F 

8F 

8F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|105500 

| 105600 

|105700 

| 105800 

|105900 

|  1060 

CLOCK 

ru 

J  1056  \ _ 

_ f 1057  \ _ 

_ f  1058  \ _ 

_ f  1059  \ _ 

_ f  1060  \ _ 

fio 

RESTART 

STATE[7:0] 

a 

8F 

XD3 

X90 

90 

90 

ADDR[23:0] 

a 

X 800000 

800000 

X 000001 

X 000002 

X  000004 

_ X. 

RTWF 

1 

1 

\0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

\0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

8F 

8F 

8F 

8F 

8F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

| 106000 

| 106100 

1106200 

| 106300 

| 106400 

|  1065 

CLOCK 

ru 

J  1061  \ _ 

_ f  1062  \ _ 

_ f  1063  \ _ 

_ f  1064  \ _ 

_ f  1065  \ _ 

^10 

RESTART 

STATE[7:0] 

■a 

90 

90 

90 

90 

90 

ADDR[23:0] 

a 

X 000008 

X 000010 

X 000020 

X  000040 

X  000080 

X. 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

8F 

8F 

8F 

8F 

8F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|106500 

| 106600 

|10670O 

| 106800 

| 106900 

|  1070 

CLOCK 

ru 

J  1066  \ _ 

_ f 1067  \ _ 

_ f  1068  \ _ 

_ f  1069  \ _ 

_ f  1070  \ _ 

fib 

RESTART 

STATE[7:0] 

a 

90 

90 

90 

90 

90 

ADDR[23:0] 

a 

X 000100 

X 000200 

X  000400 

X 000800 

X 001000 

i 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

8F 

8F 

8F 

8F 

8F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1107000 

| 107100 

1107200 

| 107300 

| 107400 

|  1075 

CLOCK 

ru 

J  1071  \ _ 

_ f 1072  \ _ 

_ f  1073  \ _ 

_ f  1074  \ _ 

_ f  1075  \ _ 

fio 

RESTART 

STATE[7:0] 

a 

90 

90 

90 

90 

90 

ADDR[23:0] 

a 

X 002000 

X 004000 

X 008000 

X 010000 

X  020000 

i 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

8F 

8F 

8F 

8F 

8F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1107500 

| 107600 

|107700 

| 107800 

| 107900 

|  1080 

CLOCK 

ru 

J  1076  \ _ 

_ f 1077  \ _ 

_ f  1078  \ _ 

_ f  1079  \ _ 

_ f  1080  \ _ 

^10 

RESTART 

STATE[7:0] 

■a 

90 

90 

90 

90 

90 

ADDR[23:0] 

a 

X 040000 

X 080000 

X 100000 

X 200000 

X 400000 

X. 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

8F 

8F 

8F 

8F 

8F 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

| 108000 

| 108100 

1108200 

| 108300 

| 108400 

|  1085 

CLOCK 

ru 

J  1081  \ _ 

_ f  1082  \ _ 

_ f  1083  \ _ 

_ f  1084  \ _ 

_ f  1085  \ _ 

fib 

RESTART 

STATE[7:0] 

90 

X91 

X  92 

X  93 

93 

ADDR[23:0] 

a 

X 800000 

800000 

X 100000 

X 000001 

X  000002 

X 

RTWF 

■a 

0 

0 

0 

/I 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

X  555555 

X AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

X  555555 

X AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

/i 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

8F 

8F 

8F 

X  93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|108500 

| 108600 

1108700 

| 108800 

| 108900 

|  1090 

CLOCK 

ru 

J  1086  \ _ 

_ f 1087  \ _ 

_ f  1088  \ _ 

_ f  1089  \ _ 

_ f  1090  \ _ 

fio 

RESTART 

STATE[7:0] 

a 

93 

93 

93 

93 

93 

ADDR[23:0] 

a 

X 000004 

X 000008 

X 000010 

X 000020 

X  000040 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1109000 

| 109100 

1109200 

| 109300 

| 109400 

|  1095 

CLOCK 

ru 

J  1091  \ _ 

_ f  1092  \ _ 

_ f  1093  \ _ 

_ f  1094  \ _ 

_ f  1095  \ _ 

fib 

RESTART 

STATE[7:0] 

93 

93 

93 

93 

93 

ADDR[23:0] 

a 

X 000080 

X 000100 

X 000200 

X  000400 

X  000800 

X 

RTWF 

<=i 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

C  OMP  ARE_EN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1109500 

| 109600 

1109700 

| 109800 

| 109900 

|  1100 

CLOCK 

ru 

_f  1096  \ _ 

_ f 1097  \ _ 

_ f  1098  \ _ 

_ f  1099  \ _ 

_ ^  1100  \ _ 

fii 

RESTART 

STATE[7:0] 

93 

93 

93 

93 

93 

ADDR[23:0] 

a 

X 001000 

X 002000 

X  004000 

X  008000 

X 010000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE_EN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

| 110000 

| 110100 

1110200 

|  110300 

1110400 

|  1105 

CLOCK 

ru 

JllOl  \ _ 

_ X 1102  \ _ 

_ f  1103  \ _ 

_ f  1 104  \ _ 

_ f  1105  \ _ 

RESTART 

STATE[7:0] 

93 

93 

93 

93 

93 

ADDR[23:0] 

a 

X 020000 

X 040000 

X 080000 

X 100000 

X  200000 

t 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R AM  D  AT A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1110500 

| 110600 

1110700 

| 110800 

1110900 

1 1110 

CLOCK 

ru 

J  1106  \ _ 

_ X 1107  \ _ 

_ f  1108  \ _ 

_ f  1 109  \ _ 

_ f  1110  \ _ 

_ Jn 

RESTART 

o 

STATE[7:0] 

93 

93 

X  D4 

X  94 

94 

ADDR[23:0] 

a 

X 400000 

X 800000 

800000 

X 000001 

X  000002 

_ X 

RTWF 

a 

1 

1 

1 

\0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

Vo _ 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

| 111000 

| 111100 

1 111200 

|  111300 

1111400 

1 1115 

CLOCK 

ru 

71111  \ _ 

_ f 11 12  \ _ 

_ f  1113  \ _ 

_ X  1 114  \ _ 

_ X  1115  \ _ 

_ Jn 

RESTART 

STATE[7:0] 

a 

94 

94 

94 

94 

94 

ADDR[23:0] 

a 

X 000004 

X 000008 

X 000010 

X 000020 

X  000040 

i 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

■a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1111500 

| 111600 

1111700 

| 111800 

1111900 

|  1120 

CLOCK 

ru 

71116  \ _ 

_ X 11 17  \ _ 

_ f  1118  \ _ 

_ f  1 119  \ _ 

_ f  1120  \ _ 

_ fn 

RESTART 

STATE[7:0] 

a 

94 

94 

94 

94 

94 

ADDR[23:0] 

a 

X 000080 

X 000100 

X 000200 

X  000400 

X  000800 

X 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

| 112000 

| 112100 

1 112200 

| 112300 

1112400 

1 1125 

CLOCK 

ru 

J  1121  \ _ 

_ fun  \ _ 

_ f  1123  \ _ 

_ f  1124  \ _ 

_ f  1125  \ _ 

_ Jn 

RESTART 

STATE[7:0] 

a 

94 

94 

94 

94 

94 

ADDR[23:0] 

a 

X 001000 

X 002000 

X  004000 

X 008000 

X 010000 

i 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1112500 

| 112600 

1112700 

| 112800 

1112900 

1 1130 

CLOCK 

ru 

J  1126  \ _ 

_ fun  \ _ 

_ f  1128  \ _ 

_ f  1129  \ _ 

_ f  1130  \ _ 

fll 

RESTART 

STATE[7:0] 

94 

94 

94 

94 

94 

ADDR[23:0] 

a 

X 020000 

X 040000 

X 080000 

X 100000 

X  200000 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1113000 

| 113100 

1113200 

1 113300 

1113400 

1 1135 

CLOCK 

ru 

J  1131  \ _ 

_ f  1131  \ _ 

_ f  1133  \ _ 

_ f  1134  \ _ 

_ f  1135  \ _ 

_ _fii 

RESTART 

STATE[7:0] 

a 

94 

94 

X95 

X  96 

X  97 

ADDR[23:0] 

a 

X 400000 

X 800000 

800000 

X 200000 

X  000001 

X 

RTWF 

a 

0 

0 

0 

0 

/I 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

C  OMP  ARE_EN  ABLE 

a 

0 

0 

0 

0 

/i 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

1113500 

| 113600 

1113700 

| 113800 

| 113900 

|  1140 

CLOCK 

ru 

J  1136  \ _ 

_ f 1137  \ _ 

_ f  1138  \ _ 

_ f  1 139  \ _ 

_ f  1140  \ _ 

_ Jll 

RESTART 

STATE[7:0] 

97 

97 

97 

97 

97 

ADDR[23:0] 

a 

X 000002 

X 000004 

X 000008 

X 000010 

X  000020 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1114000 

| 114100 

1114200 

|  114300 

1114400 

|  1145 

CLOCK 

ru 

71141  \ _ 

_ f  1142  \ _ 

_ f  1143  \ _ 

_ f  1 144  \ _ 

_ f  1145  \ _ 

fn 

RESTART 

STATE[7:0] 

97 

97 

97 

97 

97 

ADDR[23:0] 

a 

X 000040 

X 000080 

X 000100 

X  000200 

X  000400 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1114500 

| 114600 

| 1 14700 

|  114800 

| 114900 

|  1150 

CLOCK 

ru 

J  1146  \ _ 

_ f  1147  \ _ 

_ f  1148  \ _ 

_ f  1149  \ _ 

_ f  1150  \ _ 

fn 

RESTART 

STATE[7:0] 

97 

97 

97 

97 

97 

ADDR[23:0] 

a 

X 000800 

X 001000 

X 002000 

X  004000 

X  008000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1115000 

| 115100 

1115200 

|  115300 

| 115400 

|  1155 

CLOCK 

ru 

71151  \ _ 

_ f 1152  \ _ 

_ f  1153  \ _ 

_ f  1 154  \ _ 

_ fU55  \ _ 

fn 

RESTART 

STATE[7:0] 

97 

97 

97 

97 

97 

ADDR[23:0] 

a 

X 010000 

X 020000 

X  040000 

X 080000 

X 100000 

X 

RTWF 

<=i 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

1115500 

| 115600 

1115700 

| 115800 

| 115900 

|  1160 

CLOCK 

ru 

_f  1156  \ _ 

_ f  1157  \ _ 

_ f  1158  \ _ 

_ f  1 159  \ _ 

_ f  1160  \ _ 

fn 

RESTART 

STATE[7:0] 

■a 

97 

97 

97 

XD5 

X  98 

ADDR[23:0] 

a 

X 200000 

X 400000 

X 800000 

800000 

X  000001 

_ X. 

RTWF 

a 

1 

1 

1 

1 

\0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

\0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|116000 

| 116100 

|116200 

|  116300 

|116400 

|  1165 

CLOCK 

ru 

_f  1161  \ _ 

_ X 1162  \ _ 

_ f  1163  \ _ 

_ f  1 164  \ _ 

_ f  1165  \ _ 

fn 

RESTART 

STATE[7:0] 

a 

98 

98 

98 

98 

98 

ADDR[23:0] 

a 

X 000002 

X 000004 

X 000008 

X 000010 

X  000020 

l 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1116500 

| 116600 

1116700 

| 116800 

1116900 

1 1170 

CLOCK 

ru 

J  1166  \ _ 

_ X 1167  \ _ 

_ f  1168  \ _ 

_ f  1 169  \ _ 

_ ^  1170  \ _ 

_ fn 

RESTART 

STATE[7:0] 

98 

98 

98 

98 

98 

ADDR[23:0] 

a 

X 000040 

X 000080 

X 000100 

X 000200 

X  000400 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1117000 

| 117100 

1117200 

| 117300 

1117400 

|  1175 

CLOCK 

ru 

_f  1171  \ _ 

_ X  1172  \ _ 

_ f  1173  \ _ 

_ f  1 174  \ _ 

_ f  1175  \ _ 

fn 

RESTART 

STATE[7:0] 

■a 

98 

98 

98 

98 

98 

ADDR[23:0] 

a 

X 000800 

X 001000 

X 002000 

X  004000 

X  008000 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE_EN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

1117500 

| 117600 

1117700 

| 117800 

1117900 

|  1180 

CLOCK 

ru 

71176  \ _ 

_ f  1177  \ _ 

_ f  1178  \ _ 

_ f  1 179  \ _ 

_ XH80  \ _ 

fn 

RESTART 

STATE[7:0] 

a 

98 

98 

98 

98 

98 

ADDR[23:0] 

a 

X 010000 

X 020000 

X  040000 

X 080000 

X 100000 

X 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:Q] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

o 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

93 

93 

93 

93 

93 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1118000 

| 118100 

1118200 

|  118300 

1118400 

|  1185 

CLOCK 

ru 

_f  1181  \ _ 

_ f 1182  \ _ 

_ f  1183  \ _ 

_ f  1 184  \ _ 

_ f  1185  \ _ 

_ fn 

RESTART 

STATE[7:0] 

<ZD 

98 

98 

98 

X  99 

X  9A 

X 

ADDR[23:0] 

a 

X 200000 

X 400000 

X 800000 

800000 

X 400000 

X 

RTWF 

a 

0 

0 

0 

0 

0 

f 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

X  555555 

X 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

X  555555 

X 

RAM  DATAr23:0l 

o 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

r 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

93 

93 

93 

93 

93 

X 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|118500 

| 118600 

|118700 

| 118800 

|118900 

|  1190 

CLOCK 

ru 

J  1186  \ _ 

_ f 1187  \ _ 

_ f  1188  \ _ 

_ f  1 189  \ _ 

_ f  1190  \ _ 

fu 

RESTART 

STATE[7:0] 

a 

ZZX  9B 

9B 

9B 

9B 

9B 

ADDR[23:0] 

a 

X 000001 

X 000002 

X  000004 

X 000008 

X  000010 

X 

RTWF 

_v  1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

-a 

X AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

X AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

_ /  1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

^<9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1119000 

| 119100 

1119200 

|  119300 

1119400 

|  1195 

CLOCK 

ru 

J  1191  \ _ 

_ f 1192  \ _ 

_ f  1193  \ _ 

_ f  1 194  \ _ 

_ f  1195  \ _ 

_ fn 

RESTART 

STATE[7:0] 

9B 

9B 

9B 

9B 

9B 

ADDR[23:0] 

a 

X 000020 

X 000040 

X 000080 

X 000100 

X  000200 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

1119500 

| 119600 

1119700 

| 119800 

1119900 

|  1200 

CLOCK 

ru 

J  1196  \ _ 

_ f 1197  \ _ 

_ f  1198  \ _ 

_ f  1 199  \ _ 

_ f  1200  \ _ 

__fl2 

RESTART 

o 

STATE[7:0] 

9B 

9B 

9B 

9B 

9B 

ADDR[23:0] 

a 

X 000400 

X 000800 

X 001000 

X 002000 

X  004000 

X 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1120000 

| 120100 

1120200 

| 120300 

| 120400 

|  1205 

CLOCK 

ru 

J  1201  \ _ 

_ f  1202  \ _ 

_ f  1203  \ _ 

_ f  1204  \ _ 

_ f  1205  \ _ 

fl2 

RESTART 

STATE[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

ADDR[23:0] 

a 

X 008000 

X 010000 

X 020000 

X  040000 

X  080000 

X 

RTWF 

■a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|120500 

| 120600 

|120700 

| 120800 

| 120900 

|  1210 

CLOCK 

ru 

J  1206  \ _ 

_ f 1207  \ _ 

_ f  1208  \ _ 

_ f  1209  \ _ 

_ f  1210  \ _ 

fl2 

RESTART 

STATE[7:0] 

a 

9B 

9B 

9B 

9B 

XD6 

X. 

ADDR[23:0] 

a 

X 100000 

X 200000 

X 400000 

X 800000 

800000 

)C 

RTWF 

1 

1 

1 

1 

1 

V 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

V 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1121000 

| 121100 

1121200 

| 121300 

1121400 

|  1215 

CLOCK 

ru 

_f  1211  \ _ 

_ f 1212  \ _ 

_ f  1213  \ _ 

_ f  1214  \ _ 

_ f  1215  \ _ 

fl2 

RESTART 

STATE[7:0] 

■a 

^X9C 

9C 

9C 

9C 

9C 

ADDR[23:0] 

a 

X 000001 

X 000002 

X  000004 

X 000008 

X  000010 

l 

RTWF 

V  o 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

\o 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

|121500 

| 121600 

|121700 

| 121800 

|121900 

|  1220 

CLOCK 

ru 

J  1216  \ _ 

_ f 1217  \ _ 

_ f  1218  \ _ 

_ f  1219  \ _ 

_ f  1220  \ _ 

fl2 

RESTART 

STATE[7:0] 

9C 

9C 

9C 

9C 

9C 

ADDR[23:0] 

a 

X 000020 

X 000040 

X 000080 

X 000100 

X  000200 

l 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

■a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

| 122000 

| 122100 

| 122200 

| 122300 

| 122400 

|  1225 

CLOCK 

ru 

_f  1221  \ _ 

_ f  1222  \ _ 

_ f  1223  \ _ 

_ f  1224  \ _ 

_ f  1225  \ _ 

fn 

RESTART 

STATE[7:0] 

■a 

9C 

9C 

9C 

9C 

9C 

ADDR[23:0] 

a 

X 000400 

X 000800 

X 001000 

X 002000 

X  004000 

l 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1122500 

| 122600 

1122700 

| 122800 

| 122900 

|  1230 

CLOCK 

ru 

J  1226  \ _ 

_ f 1227  \ _ 

_ f  1228  \ _ 

_ f  1229  \ _ 

_ f  1230  \ _ 

fn 

RESTART 

STATE[7:0] 

a 

9C 

9C 

9C 

9C 

9C 

ADDR[23:0] 

a 

X 008000 

X 010000 

X 020000 

X  040000 

X  080000 

i 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1123000 

| 123100 

|123200 

| 123300 

| 123400 

|  1235 

CLOCK 

ru 

J  1231  \ _ 

_ f 1232  \ _ 

_ f  1233  \ _ 

_ f  1234  \ _ 

_ f  1235  \ _ 

fn 

RESTART 

STATE[7:0] 

■a 

9C 

9C 

9C 

9C 

X  9D 

X 

ADDR[23:0] 

a 

X 100000 

X 200000 

X 400000 

X 800000 

800000 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

138 


Time  (ns) 

1123500 

| 123600 

1123700 

| 123800 

| 123900 

|  1240 

CLOCK 

ru 

J  1236  \ _ 

_ f  1237  \ _ 

_ f  1238  \ _ 

_ f 1239  \ _ 

_ f  1240  \ _ 

fii 

RESTART 

STATE[7:0] 

■a 

X  9E 

X9F 

9F 

9F 

9F 

ADDR[23:0] 

a 

800000 

X 000001 

X 000002 

X  000004 

X  000008 

X 

RTWF 

a 

0 

/I 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMPARE  ENABLE 

a 

0 

n 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|124000 

| 124100 

|124200 

| 124300 

| 124400 

|  1245 

CLOCK 

ru 

J  1241  \ _ 

_ f  1242  \ _ 

_ f  1243  \ _ 

_ f  1244  \ _ 

_ f  1245  \ _ 

fl2 

RESTART 

STATE[7:0] 

a 

9F 

9F 

9F 

9F 

9F 

ADDR[23:0] 

a 

X 000010 

X 000020 

X  000040 

X 000080 

X 000100 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1124500 

| 124600 

1124700 

| 124800 

| 124900 

|  1250 

CLOCK 

ru 

J  1246  \ _ 

_ f  1247  \ _ 

_ f  1248  \ _ 

_ f  1249  \ _ 

_ f  1250  \ _ 

__fl2 

RESTART 

STATE[7:0] 

9F 

9F 

9F 

9F 

9F 

ADDR[23:0] 

a 

X 000200 

X 000400 

X 000800 

X 001000 

X  002000 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1125000 

| 125100 

1125200 

| 125300 

| 125400 

1 1255 

CLOCK 

ru 

_f  1251  \ _ 

_ f  1252  \ _ 

_ f  1253  \ _ 

_ f  1254  \ _ 

_ f  1255  \ _ 

__fl2 

RESTART 

STATE[7:0] 

9F 

9F 

9F 

9F 

9F 

ADDR[23:0] 

a 

X 004000 

X 008000 

X 010000 

X 020000 

X  040000 

X 

RTWF 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

1125500 

| 125600 

1125700 

| 125800 

| 125900 

|  1260 

CLOCK 

ru 

_f  1256  \ _ 

_ f  1257  \ _ 

_ f  1258  \ _ 

_ f 1259  \ _ 

_ f  1260  \ _ 

fii 

RESTART 

STATE[7:0] 

■a 

9F 

9F 

9F 

9F 

9F 

t 

ADDR[23:0] 

a 

X 080000 

X 100000 

X 200000 

X 400000 

X  800000 

RTWF 

a 

1 

1 

1 

1 

1 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

1 

1 

1 

1 

1 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

oooooo 

oooooo 

oooooo 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

oooooo 

oooooo 

oooooo 

Time  (ns) 

1126000 

| 126100 

1126200 

| 126300 

| 126400 

1 1265 

CLOCK 

ru 

J  1261  \ _ 

_ f  1262  \ _ 

_ f  1263  \ _ 

_ f  1264  \ _ 

_ f  1265  \ _ 

fll 

RESTART 

STATE[7:0] 

XD7 

XF8 

F8 

F8 

F8 

ADDR[23:0] 

a 

800000 

X oooooo 

X 000001 

X 000002 

X  000003 

_ t 

RTWF 

1 

\o 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

1 

\o 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

oooooo 

oooooo 

oooooo 

oooooo 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS[23:0] 

000000 

oooooo 

oooooo 

oooooo 

oooooo 

Time  (ns) 

|126500 

| 126600 

|126700 

| 126800 

| 126900 

|  1270 

CLOCK 

ru 

J  1266  \ _ 

_ f 1267  \ _ 

_ f  1268  \ _ 

_ f  1269  \ _ 

_ f  1270  \ _ 

fll 

RESTART 

STATE[7:0] 

-a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000004 

X 000005 

X 000006 

X 000007 

X  000008 

l 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

oooooo 

oooooo 

oooooo 

oooooo 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

oooooo 

oooooo 

oooooo 

oooooo 

Time  (ns) 

1127000 

| 127100 

1127200 

| 127300 

| 127400 

1 1275 

CLOCK 

ru 

J  1271  \ _ 

_ f 1272  \ _ 

_ f  1273  \ _ 

_ f  1274  \ _ 

_ f  1275  \ _ 

fll 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000009 

X  00000A 

X  00000B 

Xoooooc 

X  00000D 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

oooooo 

oooooo 

oooooo 

oooooo 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

oooooo 

oooooo 

oooooo 

oooooo 
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Time  (ns) 

1127500 

| 127600 

1127700 

| 127800 

| 127900 

|  1280 

CLOCK 

ru 

J  1276  \ _ 

_ f 1277  \ _ 

_ f  1278  \ _ 

_ f  1279  \ _ 

_ f  1280  \ _ 

fl2 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

Xoooooe 

X  00000F 

X 000010 

X 000011 

X  000012 

t 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|128000 

| 128100 

1128200 

| 128300 

| 128400 

|  1285 

CLOCK 

ru 

J  1281  \ _ 

_ f  1282  \ _ 

_ f  1283  \ _ 

_ f  1284  \ _ 

_ f  1285  \ _ 

fu 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000013 

X 000014 

X 000015 

X 000016 

X  000017 

l 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1128500 

| 128600 

1128700 

| 128800 

| 128900 

|  1290 

CLOCK 

ru 

J  1286  \ _ 

_ f 1287  \ _ 

_ f  1288  \ _ 

_ f  1289  \ _ 

_ f  1290  \ _ 

fl2 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000018 

X 000019 

Xooooia 

X 0000  IB 

X  00001C 

t 

RTWF 

<=i 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

C  OMP  ARE_EN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1129000 

| 129100 

1129200 

| 129300 

| 129400 

|  1295 

CLOCK 

ru 

J  1291  \ _ 

_ f  1292  \ _ 

_ f  1293  \ _ 

_ f  1294  \ _ 

_ f  1295  \ _ 

fu 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

Xooooid 

Xooooie 

Xooooif 

X 000020 

X  000021 

l 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

1129500 

| 129600 

1129700 

| 129800 

| 129900 

|  1300 

CLOCK 

ru 

J  1296  \ _ 

_ f  1297  \ _ 

_ f  1298  \ _ 

_ f  1299  \ _ 

_ f  1300  \ _ 

fu 

RESTART 

STATE[7:0] 

■a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000022 

X 000023 

X  000024 

X 000025 

X  000026 

"f. 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1130000 

| 130100 

|130200 

|  130300 

| 130400 

|  1305 

CLOCK 

ru 

J  1301  \ _ 

_ f 1302  \ _ 

_ f  1303  \ _ 

_ f  1304  \ _ 

_ f  1305  \ _ 

fu 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000027 

X 000028 

X 000029 

X  00002A 

X  00002B 

t 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1130500 

| 130600 

1130700 

| 130800 

|130900 

|  1310 

CLOCK 

ru 

J  1306  \ _ 

_ f 1307  \ _ 

_ f  1308  \ _ 

_ f  1309  \ _ 

_ f  1310  \ _ 

fu 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X00002C 

X  00002D 

X  00002E 

X  00002F 

X  000030 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1131000 

| 131100 

1131200 

|  131300 

1131400 

|  1315 

CLOCK 

ru 

J  1311  \ _ 

_ f 1312  \ _ 

_ f  1313  \ _ 

_ f  1314  \ _ 

_ f  1315  \ _ 

fu 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000031 

X 000032 

X 000033 

X 000034 

X  000035 

1 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

1131500 

| 131600 

1131700 

| 131800 

1131900 

1 1320 

CLOCK 

ru 

J  1316  \ _ 

_ f 13 17  \ _ 

_ f  1318  \ _ 

_ f 1319  \ _ 

_ f  1320  \ _ 

fl3 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000036 

X  000037 

X 000038 

X 000039 

X  00003A 

X 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

o 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1132000 

| 132100 

1132200 

|  132300 

| 132400 

|  1325 

CLOCK 

ru 

J  1321  \ _ 

_ f 1322  \ _ 

_ f  1323  \ _ 

_ f  1324  \ _ 

_ f  1325  \ _ 

fl3 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  00003B 

X00003C 

X  00003D 

X  00003E 

X  00003F 

X 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|132500 

| 132600 

|132700 

| 132800 

|132900 

|  1330 

CLOCK 

ru 

J  1326  \ _ 

_ f 1327  \ _ 

_ f  1328  \ _ 

_ f  1329  \ _ 

_ f  1330  \ _ 

fl3 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000040 

X 000041 

X  000042 

X  000043 

X  000044 

l 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1133000 

| 133100 

1133200 

|  133300 

1133400 

1 1335 

CLOCK 

ru 

J  1331  \ _ 

_ f  1332  \ _ 

_ f  1333  \ _ 

_ f  1334  \ _ 

_ f  1335  \ _ 

fl3 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000045 

X 000046 

X  000047 

X  000048 

X  000049 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 
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Time  (ns) 

|133500 

| 133600 

|133700 

| 133800 

|133900 

|  1340 

CLOCK 

ru 

J  1336  \ _ 

_ f  1337  \ _ 

_ f  1338  \ _ 

_ f  1339  \ _ 

_ f  1340  \ _ 

f~V3 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  00004A 

X  00004B 

X  00004C 

X  00004D 

X  00004E 

l 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

■a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1134000 

| 134100 

1134200 

|  134300 

| 134400 

|  1345 

CLOCK 

ru 

J  1341  \ _ 

_ f 1342  \ _ 

_ f  1343  \ _ 

_ f  1344  \ _ 

_ f  1345  \ _ 

fl3 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  00004F 

X 000050 

X 000051 

X 000052 

X  000053 

t 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1134500 

| 134600 

1134700 

|  134800 

| 134900 

|  1350 

CLOCK 

ru 

J  1346  \ _ 

_ f  1347  \ _ 

_ f  1348  \ _ 

_ f  1349  \ _ 

_ f  1350  \ _ 

fl3 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000054 

X 000055 

X 000056 

X 000057 

X  000058 

t 

RTWF 

<=i 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1135000 

| 135100 

1135200 

|  135300 

1135400 

|  1355 

CLOCK 

ru 

_f  1351  \ _ 

_ f  1352  \ _ 

_ f  1353  \ _ 

_ f  1354  \ _ 

_ f  1355  \ _ 

fl3 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000059 

X  00005A 

X  00005B 

X00005C 

X  00005D 

l 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

144 


Time  (ns) 

1135500 

| 135600 

| 135700 

| 135800 

| 135900 

|  1360 

CLOCK 

ru 

_f  1356  \ _ 

_ f  1357  \ _ 

_ f  1358  \ _ 

_ f  1359  \ _ 

_ f  1360  \ _ 

fu 

RESTART 

STATE[7:0] 

■a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  00005E 

X  00005F 

X 000060 

X 000061 

X  000062 

"f. 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|136000 

| 136100 

|136200 

|  136300 

| 136400 

|  1365 

CLOCK 

ru 

J  1361  \ _ 

_ f 1362  \ _ 

_ f  1363  \ _ 

_ f  1364  \ _ 

_ f  1365  \ _ 

fu 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000063 

X 000064 

X 000065 

X 000066 

X  000067 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1136500 

| 136600 

1136700 

| 136800 

1136900 

|  1370 

CLOCK 

ru 

J  1366  \ _ 

_ f 1367  \ _ 

_ f  1368  \ _ 

_ f  1369  \ _ 

_ f  1370  \ _ 

fu 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000068 

X 000069 

X  00006A 

X  00006B 

X  00006C 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1137000 

| 137100 

|137200 

| 137300 

| 137400 

|  1375 

CLOCK 

ru 

J  1371  \ _ 

_ f  1372  \ _ 

_ f  1373  \ _ 

_ f  1374  \ _ 

_ f  1375  \ _ 

fu 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X00006D 

X00006E 

X  00006F 

X  000070 

X  000071 

1 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

145 


Time  (ns) 

|137500 

| 137600 

|137700 

| 137800 

| 137900 

|  1380 

CLOCK 

ru 

J  1376  \ _ 

_ f  1377  \ _ 

_ f  1378  \ _ 

_ f  1379  \ _ 

_ f  1380  \ _ 

f~V3 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000072 

X 000073 

X  000074 

X  000075 

X  000076 

X 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

■a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:01 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1138000 

| 138100 

1138200 

|  138300 

| 138400 

|  1385 

CLOCK 

ru 

_f  1381  \ _ 

_ f 1382  \ _ 

_ f  1383  \ _ 

_ f  1384  \ _ 

_ f  1385  \ _ 

fl3 

RESTART 

STATE[7:0] 

■a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000077 

X 000078 

X  000079 

X  00007A 

X  00007B 

X 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1138500 

| 138600 

1138700 

| 138800 

1138900 

|  1390 

CLOCK 

ru 

J  1386  \ _ 

_ f 1387  \ _ 

_ f  1388  \ _ 

_ f  1389  \ _ 

_ f  1390  \ _ 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X00007C 

X  00007D 

X  00007E 

X  00007F 

X  000080 

l 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMPAREENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1139000 

| 139100 

1139200 

|  139300 

| 139400 

1 1395 

CLOCK 

ru 

J  1391  \ _ 

_ f 1392  \ _ 

_ f  1393  \ _ 

_ f  1394  \ _ 

_ f  1395  \ _ 

fl3 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000081 

X 000082 

X 000083 

X  000084 

X  000085 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

146 


Time  (ns) 

1139500 

| 139600 

| 139700 

| 139800 

| 139900 

|  1400 

CLOCK 

ru 

J  1396  \ _ 

_ f 1397  \ _ 

_ f  1398  \ _ 

_ fl399  \ _ 

_ f  1400  \ _ 

fl4 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000086 

X 000087 

X 000088 

X 000089 

X  00008A 

X 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

o 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1140000 

| 140100 

| 140200 

| 140300 

| 140400 

|  1405 

CLOCK 

ru 

J  1401  \ _ 

_ f  1402  \ _ 

_ f  1403  \ _ 

_ f  1404  \ _ 

_ f  1405  \ _ 

fl4 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X00008B 

X00008C 

X  00008D 

X  00008E 

X  00008F 

X 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

RAM  DATAr23:0l 

COMPARE  ENABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASSr23:0l 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1140500 

| 140600 

| 140700 

| 140800 

| 140900 

|  1410 

CLOCK 

ru 

J  1406  \ _ 

_ f  1407  \ _ 

_ f  1408  \ _ 

_ f  1409  \ _ 

_ f  1410  \ _ 

fl4 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000090 

X 000091 

X 000092 

X 000093 

X  000094 

t 

RTWF 

<=i 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|141000 

| 141100 

|141200 

| 141300 

| 141400 

|  1415 

CLOCK 

ru 

_f  1411  \ _ 

_ f  1412  \ _ 

_ f  1413  \ _ 

_ f  1414  \ _ 

_ f  1415  \ _ 

fl4 

RESTART 

STATE[7:0] 

<ZD 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X 000095 

X 000096 

X 000097 

X 000098 

X  000099 

l 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  ARE  EN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

147 


Time  (ns) 

|141500 

| 141600 

|141700 

| 141800 

|141900 

|  1420 

CLOCK 

ru 

J  1416  \ _ 

_ f  1417  \ _ 

_ f  1418  \ _ 

_ f  1419  \ _ 

_ f  1420  \ _ 

f~L4 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  00009A 

X  00009B 

X00009C 

X  00009D 

X  00009E 

l 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

■a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST  DATA  [2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1142000 

| 142100 

1142200 

| 142300 

| 142400 

|  1425 

CLOCK 

ru 

J  1421  \ _ 

_ f  1422  \ _ 

_ f  1423  \ _ 

_ f  1424  \ _ 

_ f  1425  \ _ 

fl4 

RESTART 

STATE[7:0] 

■a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  00009F 

X  0000A0 

X  0000A1 

X  0000A2 

X  0000A3 

l 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1142500 

| 142600 

| 142700 

| 142800 

| 142900 

|  1430 

CLOCK 

ru 

J  1426  \ _ 

_ f  1427  \ _ 

_ f  1428  \ _ 

_ f  1429  \ _ 

_ f  1430  \ _ 

RESTART 

STATE[7:0] 

■a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  0000A4 

X  0000A5 

X  0000A6 

X  0000A7 

X  0000A8 

t 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1143000 

| 143100 

1143200 

| 143300 

| 143400 

|  1435 

CLOCK 

ru 

J  1431  \ _ 

_ f 1432  \ _ 

_ f  1433  \ _ 

_ f  1434  \ _ 

_ f  1435  \ _ 

fl4 

RESTART 

STATE[7:0] 

■a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  0000A9 

X  0000AA 

X  0000AB 

X  0000AC 

X  0000AD 

l 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

148 


Time  (ns) 

1143500 

| 143600 

| 143700 

| 143800 

| 143900 

|  1440 

CLOCK 

ru 

_f  1436  \ _ 

_ X1437  \ _ 

_ f  1438  \ _ 

_ X1439  \ _ 

_ f  1440  \ _ 

__/l4 

RESTART 

STATE[7:0] 

■a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  0000AE 

X  0000AF 

X  0000B0 

Xoooobi 

X  0000B2 

)C 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|144OO0 

| 144100 

| 144200 

| 144300 

| 144400 

|  1445 

CLOCK 

ru 

J  1441  \ _ 

_ f 1442  \ _ 

_ f  1443  \ _ 

_ f  1444  \ _ 

_ f  1445  \ _ 

f\4 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  0000B3 

X  0000B4 

X  0000B5 

X  0000B6 

X  0000B7 

'L 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1144500 

| 144600 

| 144700 

| 144800 

| 144900 

|  1450 

CLOCK 

ru 

J  1446  \ _ 

_ fl447  \ _ 

_ f  1448  \ _ 

_ f  1449  \ _ 

_ f  1450  \ _ 

f\A 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X0000B8 

X  0000B9 

X  0000BA 

X  0000BB 

X  0000BC 

'L 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1145000 

| 145100 

|145200 

| 145300 

| 145400 

|  1455 

CLOCK 

ru 

J 1451  \ _ 

_ f  1452  \ _ 

_ f  1453  \ _ 

_ X1454  \ _ 

_ f  1455  \ _ 

__/l4 

RESTART 

STATE[7:0] 

■a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  0000BD 

X  0000BE 

X  0000BF 

Xooooco 

X  0000C1 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

<ZD 

000000 

000000 

000000 

000000 

000000 

149 


Time  (ns) 

1145500 

| 145600 

| 145700 

| 145800 

| 145900 

|  1460 

CLOCK 

ru 

J  1456  \ _ 

_ f  1457  \ _ 

_ f  1458  \ _ 

_ fl459  \ _ 

_ f  1460  \ _ 

fl4 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X0000C2 

X0000C3 

X  0000C4 

X0000C5 

X  0000C6 

l 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1146000 

| 146100 

1146200 

| 146300 

| 146400 

|  1465 

CLOCK 

ru 

J  1461  \ _ 

_ f  1462  \ _ 

_ f  1463  \ _ 

_ f  1464  \ _ 

_ f  1465  \ _ 

fl4 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X0000C7 

X0000C8 

X0000C9 

X  0000CA 

X  0000CB 

t 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|146500 

| 146600 

| 146700 

| 146800 

| 146900 

|  1470 

CLOCK 

ru 

J  1466  \ _ 

_ f  1467  \ _ 

_ f  1468  \ _ 

_ f  1469  \ _ 

_ f  1470  \ _ 

fl4 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

Xoooocc 

Xoooocd 

X  0000CE 

X  0000CF 

X  0000D0 

l 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1147000 

| 147100 

| 147200 

| 147300 

| 147400 

|  1475 

CLOCK 

ru 

J  1471  \ _ 

_ f  1472  \ _ 

_ f  1473  \ _ 

_ f  1474  \ _ 

_ f  1475  \ _ 

__J 14 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

Xoooodi 

X  0000D2 

X  0000D3 

X  0000D4 

X  0000D5 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

150 


Time  (ns) 

1147500 

| 147600 

| 147700 

| 147800 

| 147900 

|  1480 

CLOCK 

ru 

J 1476  \ _ 

_ f 1477  \ _ 

_ f  1478  \ _ 

_ f  1479  \ _ 

_ f  1480  \ _ 

fl4 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X0000D6 

X  0000D7 

X  0000D8 

X  0000D9 

X  0000DA 

l 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

<ZD 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

|148000 

| 148100 

1148200 

| 148300 

| 148400 

|  1485 

CLOCK 

ru 

J  1481  \ _ 

_ f  1482  \ _ 

_ f  1483  \ _ 

_ f  1484  \ _ 

_ f  1485  \ _ 

fl4 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X0000DB 

Xoooodc 

X  0000DD 

X  0000DE 

X  0000DF 

l 

RTWF 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1148500 

| 148600 

| 148700 

| 148800 

| 148900 

|  1490 

CLOCK 

ru 

J  1486  \ _ 

_ f  1487  \ _ 

_ f  1488  \ _ 

_ f  1489  \ _ 

_ f  1490  \ _ 

fl4 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

Xooooeo 

Xooooei 

X  0000E2 

X  0000E3 

X  0000E4 

l 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

C  OMP  ARE_EN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1149000 

| 149100 

1149200 

| 149300 

| 149400 

1 1495 

CLOCK 

ru 

J  1491  \ _ 

_ f  1492  \ _ 

_ f  1493  \ _ 

_ f  1494  \ _ 

_ f  1495  \ _ 

fl4 

RESTART 

STATE[7:0] 

<ZD 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  0000E5 

X  0000E6 

X  0000E7 

X  0000E8 

X  0000E9 

t 

RTWF 

<=□ 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  ARE_EN  ABLE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

-a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASST23:01 

a 

000000 

000000 

000000 

000000 

000000 

151 


Time  (ns) 

1149500 

| 149600 

| 149700 

149800 

| 149900 

1 1500 

CLOCK 

ru 

J  1496  \ _ 

_ f  1497  \ _ 

9  1498  \ 

_f  1499  \ _ 

_ f  1500  \ _ 

__/l5 

RESTART 

STATE[7:0] 

a 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  0000EA 

X  0000EB 

X  0000EC 

X  0000ED 

X  0000EE 

RTWF 

a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

o 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

a 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM_P  ASS  [23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1150000 

| 150100 

1150200 

150300 

| 150400 

|  1505 

CLOCK 

ru 

J  1501  \ _ 

_ f 1502  \ _ 

9  1503  \ 

_f  1504  \ _ 

_ f  1505  \ _ 

fl5 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X0000EF 

X  0000F0 

X  0000F1 

X  0000F2 

X  0000F3 

l 

RTWF 

■a 

0 

0 

0 

0 

0 

WRITE_DATA[23:0] 

<ZD 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

TEST_DATA[23:0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

COMP  AREEN  AB  LE 

a 

0 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

AAAAAA 

NUM  PASS [23:0] 

-a 

000000 

000000 

000000 

000000 

000000 

Time  (ns) 

1150500 

| 150600 

1150700 

150800 

1150900 

|  1510 

CLOCK 

ru 

'ji 

o 

o\ 

_ f 1507  \ _ 

9  1508  \ 

1X1509  \ _ 

_ f  1510  \ _ 

fl5 

RESTART 

STATE[7:0] 

F8 

F8 

F8 

F8 

ADDR[23:0] 

a 

X  0000F4 

X  0000F5 

X  0000F6 

X  0000F7 

RTWF 

0 

0 

0 

0 

WRITE  DATA[23:0] 

-a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

TEST_DATA[2  3 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

R  AM  D  AT  A[  2  3 : 0] 

C  OMP  AREENABLE 

a 

0 

0 

0 

0 

FLAG 

a 

0 

0 

0 

0 

Mode[7:0] 

9B 

9B 

9B 

9B 

Location[23:0] 

a 

000000 

000000 

000000 

000000 

Data[23 :0] 

a 

AAA AAA 

AAA AAA 

AAAAAA 

AAAAAA 

NUMP  ASS  [23:0] 

-a 

000000 

000000 

000000 

000000 
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B.  PATTERN  MODULE 
1.  VHDL  Code 


--  filename:  Pattern. vhd 
--  written  by:  Charles  Hulme 

--  This  Program  generates  the  patterns  that  will  be  written 
--  to  memory  or  compared  to  what  is  stored  in  memory. 

--  Which  pattern  is  chosen  is  driven  by  the  8  bit  input,  STATE. 

--  Each  pattern  will  use  a  series  of  if /then  statements  to  define 
--  the  pattern  sequence. 


--  The  patterns  are: 

Sliding  l's.  A  one  is  moved  through  each 

of  the  bit  positions  in  the  24  bit  outputs, 
e.g.  00000000000000000000000000000001 
00000000000000000000000000000010 
00000000000000000000000000000100 


10000000000000000000000000000000 

Alternating  l's  and  0's.  A  single  bit  stream  pattern 
of  alternating  l's  and  0's  (A  constant  value  not  a  pattern) 
e.g.  10101010101010101010101010101010 

Alternating  0's  and  l's.  A  single  bit  stream  pattern 
of  alternating  0's  and  l's  (A  constant  value  not  a  pattern) 
e.g.  01010101010101010101010101010101 


library  IEEE; 

use  IEEE . std_logic_ll 64 . all ; 
use  IEEE. numeric  std.all; 


entity  PATTERN  is 
port  ( 

CLOCK:  in  STD_LOGIC; 

RESTART:  in  STD_LOGIC; 

STATE:  in  STD_LOGIC_VECTOR  (7  downto  0); 

FLAG:  IN  STD_LOGIC; 

TEST_DATA :  out  STD_LOGIC_VECTOR  (23  downto  0); 
WRITE_DATA :  out  STD_LOGIC_VECTOR  (23  downto  0) 
)  ; 

end  PATTERN; 


architecture  PATTERN_arch  of  PATTERN  is 
begin 

FCN :  process (RESTART, FLAG, STATE) 
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begin 


if  RESTART  =  ' 1 '  then 

WRITE_DATA  <=  "000000000000000000000000"; 
TEST_DATA  <=  "000000000000000000000000"; 
elsif  STATE  =  "00000000"  then  —  In  state  Wait_State, 
WRITE_DATA  <=  "000000000000000000000000"; 
TEST_DATA  <=  "000000000000000000000000"; 
elsif  STATE  =  "00000001"  then  —  In  state  Delay_Count 
WRITE_DATA  <=  "000000000000000000000000"; 
TEST_DATA  <=  "000000000000000000000000"; 

--Starting  Data  Test  Pattern 

elsif  STATE  =  "00000010"  then  --  writing  pattern 
WRITE_DATA  <=  "000000000000000000000000"; 
TEST_DATA  <=  "000000000000000000000000"; 
elsif  STATE  =  "00000011"  then  --  reading  pattern 
WRITE_DATA  <=  "000000000000000000000000"; 
TEST_DATA  <=  "000000000000000000000000"; 

elsif  STATE  =  "00000100"  then 

WRITE_DATA  <=  "000000000000000000000001"; 
TEST_DATA  <=  "000000000000000000000001"; 
elsif  STATE  =  "00000101"  then 

WRITE_DATA  <=  "000000000000000000000001"; 
TEST_DATA  <=  "000000000000000000000001"; 

elsif  STATE  =  "00000110"  then 

WRITE_DATA  <=  "000000000000000000000010"; 
TEST_DATA  <=  "000000000000000000000010"; 
elsif  STATE  =  "00000111"  then 

WRITE_DATA  <=  "000000000000000000000010"; 
TEST_DATA  <=  "000000000000000000000010"; 

elsif  STATE  =  "00001000"  then 

WRITE_DATA  <=  "000000000000000000000100"; 
TEST_DATA  <=  "000000000000000000000100"; 
elsif  STATE  =  "00001001"  then 

WRITE_DATA  <=  "000000000000000000000100"; 
TEST_DATA  <=  "000000000000000000000100"; 

elsif  STATE  =  "00001010"  then 

WRITE_DATA  <=  "000000000000000000001000"; 
TEST_DATA  <=  "000000000000000000001000"; 
elsif  STATE  =  "00001011"  then 

WRITE_DATA  <=  "000000000000000000001000"; 
TEST_DATA  <=  "000000000000000000001000"; 

elsif  STATE  =  "00001100"  then 

WRITE_DATA  <=  "000000000000000000010000"; 
TEST_DATA  <=  "000000000000000000010000"; 
elsif  STATE  =  "00001101"  then 

WRITE_DATA  <=  "000000000000000000010000"; 

TEST  DATA  <=  "000000000000000000010000"; 


no  pattern 


no  pattern 


154 


elsif  STATE  =  "00001110"  then 

WRITE_DATA  <=  "000000000000000000100000 
TEST_DATA  <=  "000000000000000000100000" 
elsif  STATE  =  "00001111"  then 

WRITE_DATA  <=  "000000000000000000100000 
TEST_DATA  <=  "000000000000000000100000" 

elsif  STATE  =  "00010000"  then 

WRITE_DATA  <=  "000000000000000001000000 
TEST_DATA  <=  "000000000000000001000000" 
elsif  STATE  =  "00010001"  then 

WRITE_DATA  <=  "000000000000000001000000 
TEST_DATA  <=  "000000000000000001000000" 

elsif  STATE  =  "00010010"  then 

WRITE_DATA  <=  "000000000000000010000000 
TEST_DATA  <=  "000000000000000010000000" 
elsif  STATE  =  "00010011"  then 

WRITE_DATA  <=  "000000000000000010000000 
TEST_DATA  <=  "000000000000000010000000" 

elsif  STATE  =  "00010100"  then 

WRITE_DATA  <=  "000000000000000100000000 
TEST_DATA  <=  "000000000000000100000000" 
elsif  STATE  =  "00010101"  then 

WRITE_DATA  <=  "000000000000000100000000 
TEST_DATA  <=  "000000000000000100000000" 

elsif  STATE  =  "00010110"  then 

WRITE_DATA  <=  "000000000000001000000000 
TEST_DATA  <=  "000000000000001000000000" 
elsif  STATE  =  "00010111"  then 

WRITE_DATA  <=  "000000000000001000000000 
TEST_DATA  <=  "000000000000001000000000" 

elsif  STATE  =  "00011000"  then 

WRITE_DATA  <=  "000000000000010000000000 
TEST_DATA  <=  "000000000000010000000000" 
elsif  STATE  =  "00011001"  then 

WRITE_DATA  <=  "000000000000010000000000 
TEST_DATA  <=  "000000000000010000000000" 

elsif  STATE  =  "00011010"  then 

WRITE_DATA  <=  "000000000000100000000000 
TEST_DATA  <=  "000000000000100000000000" 
elsif  STATE  =  "00011011"  then 

WRITE_DATA  <=  "000000000000100000000000 
TEST_DATA  <=  "000000000000100000000000" 

elsif  STATE  =  "00011100"  then 

WRITE_DATA  <=  "000000000001000000000000 
TEST_DATA  <=  "000000000001000000000000" 
elsif  STATE  =  "00011101"  then 
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WRITE_DATA  <=  "000000000001000000000000"; 
TEST_DATA  <=  "000000000001000000000000"; 

elsif  STATE  =  "00011110"  then 

WRITE_DATA  <=  "000000000010000000000000"; 
TEST_DATA  <=  "000000000010000000000000"; 
elsif  STATE  =  "00011111"  then 

WRITE_DATA  <=  "000000000010000000000000"; 
TEST_DATA  <=  "000000000010000000000000"; 

elsif  STATE  =  "00100000"  then 

WRITE_DATA  <=  "000000000100000000000000"; 
TEST_DATA  <=  "000000000100000000000000"; 
elsif  STATE  =  "00100001"  then 

WRITE_DATA  <=  "000000000100000000000000"; 
TEST_DATA  <=  "000000000100000000000000"; 

elsif  STATE  =  "00100010"  then 

WRITE_DATA  <=  "000000001000000000000000"; 
TEST_DATA  <=  "000000001000000000000000"; 
elsif  STATE  =  "00100011"  then 

WRITE_DATA  <=  "000000001000000000000000"; 
TEST_DATA  <=  "000000001000000000000000"; 

elsif  STATE  =  "00100100"  then 

WRITE_DATA  <=  "000000010000000000000000"; 
TEST_DATA  <=  "000000010000000000000000"; 
elsif  STATE  =  "00100101"  then 

WRITE_DATA  <=  "000000010000000000000000"; 
TEST_DATA  <=  "000000010000000000000000"; 

elsif  STATE  =  "00100110"  then 

WRITE_DATA  <=  "000000100000000000000000"; 
TEST_DATA  <=  "000000100000000000000000"; 
elsif  STATE  =  "00100111"  then 

WRITE_DATA  <=  "000000100000000000000000"; 
TEST_DATA  <=  "000000100000000000000000"; 

elsif  STATE  =  "00101000"  then 

WRITE_DATA  <=  "000001000000000000000000"; 
TEST_DATA  <=  "000001000000000000000000"; 
elsif  STATE  =  "00101001"  then 

WRITE_DATA  <=  "000001000000000000000000"; 
TEST_DATA  <=  "000001000000000000000000"; 

elsif  STATE  =  "00101010"  then 

WRITE_DATA  <=  "000010000000000000000000"; 
TEST_DATA  <=  "000010000000000000000000"; 
elsif  STATE  =  "00101011"  then 

WRITE_DATA  <=  "000010000000000000000000"; 
TEST_DATA  <=  "000010000000000000000000"; 

elsif  STATE  =  "00101100"  then 

WRITE  DATA  <=  "000100000000000000000000"; 
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TEST_DATA  <=  "000100000000000000000000"; 
elsif  STATE  =  "00101101"  then 

WRITE_DATA  <=  "000100000000000000000000"; 
TEST_DATA  <=  "000100000000000000000000"; 

elsif  STATE  =  "00101110"  then 

WRITE_DATA  <=  "001000000000000000000000"; 
TEST_DATA  <=  "001000000000000000000000"; 
elsif  STATE  =  "00101111"  then 

WRITE_DATA  <=  "001000000000000000000000"; 
TEST_DATA  <=  "001000000000000000000000"; 

elsif  STATE  =  "00110000"  then 

WRITE_DATA  <=  "010000000000000000000000"; 
TEST_DATA  <=  "010000000000000000000000"; 
elsif  STATE  =  "00110001"  then 

WRITE_DATA  <=  "010000000000000000000000"; 
TEST_DATA  <=  "010000000000000000000000"; 

elsif  STATE  =  "00110010"  then 

WRITE_DATA  <=  "100000000000000000000000"; 
TEST_DATA  <=  "100000000000000000000000"; 
elsif  STATE  =  "00110011"  then 

WRITE_DATA  <=  "100000000000000000000000"; 
TEST  DATA  <=  "100000000000000000000000"; 


--Starting  Address  Pattern 
elsif  STATE  =  "00111110"  then 

WRITE_DATA  <=  "000000000000000000000000"; 
TEST_DATA  <=  "000000000000000000000000"; 
elsif  STATE  =  "00111111"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01000000"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01000001"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01000010"  then 

WRITE_DATA  <=  "010101010101010101010101"; 
TEST_DATA  <=  "010101010101010101010101"; 
elsif  STATE  =  "01000011"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "11000000"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01000100"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01000101"  then 

WRITE  DATA  <=  "101010101010101010101010"; 


--Last  pattern  in 
--  sliding  Is 


-  In  state 

--  Wait_Statel 

-  In  state 

--Delay_Countl  thru  4 

-  In  state 

--  Address_Wl 

-  In  state 

--  Address_WLl 

-  In  state 

--  Address_WIl 

-  In  state 

--  Address_Rl 

-  In  state 

--  Address  RL1 


157 


TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "01000110"  then 

WRITE_DATA  <=  "010101010101010101010101 
TEST_DATA  <=  "010101010101010101010101" 
elsif  STATE  =  "01000111"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "11000001"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 

elsif  STATE  =  "01001000"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "01001001"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "01001010"  then 

WRITE_DATA  <=  "010101010101010101010101 
TEST_DATA  <=  "010101010101010101010101" 
elsif  STATE  =  "01001011"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "11000010"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 

elsif  STATE  =  "01001100"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "01001101"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "01001110"  then 

WRITE_DATA  <=  "010101010101010101010101 
TEST_DATA  <=  "010101010101010101010101" 
elsif  STATE  =  "01001111"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "11000011"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 

elsif  STATE  =  "01010000"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "01010001"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "01010010"  then 

WRITE_DATA  <=  "010101010101010101010101 
TEST_DATA  <=  "010101010101010101010101" 
elsif  STATE  =  "01010011"  then 

WRITE  DATA  <=  "101010101010101010101010 
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TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "11000100"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 

elsif  STATE  =  "01010100"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "01010101"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "01010110"  then 

WRITE_DATA  <=  "010101010101010101010101 
TEST_DATA  <=  "010101010101010101010101" 
elsif  STATE  =  "01010111"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "11000101"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 

elsif  STATE  =  "01011000"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "01011001"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "10011010"  then 

WRITE_DATA  <=  "010101010101010101010101 
TEST_DATA  <=  "010101010101010101010101" 
elsif  STATE  =  "01011011"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "11000110"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 

elsif  STATE  =  "01011100"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "01011101"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "01011110"  then 

WRITE_DATA  <=  "010101010101010101010101 
TEST_DATA  <=  "010101010101010101010101" 
elsif  STATE  =  "01011111"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "11000111"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 

elsif  STATE  =  "01100000"  then 
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WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01100001"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01100010"  then 

WRITE_DATA  <=  "010101010101010101010101"; 
TEST_DATA  <=  "010101010101010101010101"; 
elsif  STATE  =  "01100011"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "11001000"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 

elsif  STATE  =  "01100100"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01100101"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01100110"  then 

WRITE_DATA  <=  "010101010101010101010101"; 
TEST_DATA  <=  "010101010101010101010101"; 
elsif  STATE  =  "01100111"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "11001001"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 

elsif  STATE  =  "01101000"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01101001"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01101010"  then 

WRITE_DATA  <=  "010101010101010101010101"; 
TEST_DATA  <=  "010101010101010101010101"; 
elsif  STATE  =  "01101011"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "11001010"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 

elsif  STATE  =  "01101100"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01101101"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01101110"  then 
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WRITE_DATA  <=  "010101010101010101010101"; 
TEST_DATA  <=  "010101010101010101010101"; 
elsif  STATE  =  "01101111"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "11001011"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 

elsif  STATE  =  "01110000"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01110001"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01110010"  then 

WRITE_DATA  <=  "010101010101010101010101"; 
TEST_DATA  <=  "010101010101010101010101"; 
elsif  STATE  =  "01110011"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "11001100"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 

elsif  STATE  =  "01110100"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01110101"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01110110"  then 

WRITE_DATA  <=  "010101010101010101010101"; 
TEST_DATA  <=  "010101010101010101010101"; 
elsif  STATE  =  "01110111"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "11001101"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 

elsif  STATE  =  "01111000"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01111001"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01111010"  then 

WRITE_DATA  <=  "010101010101010101010101"; 
TEST_DATA  <=  "010101010101010101010101"; 
elsif  STATE  =  "01111011"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "11001110"  then 
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WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 

elsif  STATE  =  "01111100"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01111101"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "01111110"  then 

WRITE_DATA  <=  "010101010101010101010101"; 
TEST_DATA  <=  "010101010101010101010101"; 
elsif  STATE  =  "01111111"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "11001111"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 

elsif  STATE  =  "10000000"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "10000001"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "10000010"  then 

WRITE_DATA  <=  "010101010101010101010101"; 
TEST_DATA  <=  "010101010101010101010101"; 
elsif  STATE  =  "10000011"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "11010000"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 

elsif  STATE  =  "10000100"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "10000101"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "10000110"  then 

WRITE_DATA  <=  "010101010101010101010101"; 
TEST_DATA  <=  "010101010101010101010101"; 
elsif  STATE  =  "10000111"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "11010001"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST_DATA  <=  "101010101010101010101010"; 

elsif  STATE  =  "10001000"  then 

WRITE_DATA  <=  "101010101010101010101010"; 
TEST  DATA  <=  "101010101010101010101010"; 
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elsif  STATE  =  "10001001"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "10001010"  then 

WRITE_DATA  <=  "010101010101010101010101 
TEST_DATA  <=  "010101010101010101010101" 
elsif  STATE  =  "10001011"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "11010010"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 

elsif  STATE  =  "10001100"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "10001101"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "10001110"  then 

WRITE_DATA  <=  "010101010101010101010101 
TEST_DATA  <=  "010101010101010101010101" 
elsif  STATE  =  "10001111"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "11010011"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 

elsif  STATE  =  "10010000"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "10010001"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "10010010"  then 

WRITE_DATA  <=  "010101010101010101010101 
TEST_DATA  <=  "010101010101010101010101" 
elsif  STATE  =  "10010011"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "11010100"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 

elsif  STATE  =  "10010100"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "10010101"  then 

WRITE_DATA  <=  "101010101010101010101010 
TEST_DATA  <=  "101010101010101010101010" 
elsif  STATE  =  "1010110"  then 

WRITE_DATA  <=  "010101010101010101010101 
TEST  DATA  <=  "010101010101010101010101" 
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elsif  STATE  =  "10010111"  then 

WRITE_DATA  <=  "101010101010101010101010"; 

TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "11010101"  then 

WRITE_DATA  <=  "101010101010101010101010"; 

TEST_DATA  <=  "101010101010101010101010"; 

elsif  STATE  =  "10011000"  then 

WRITE_DATA  <=  "101010101010101010101010"; 

TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "10011001"  then 

WRITE_DATA  <=  "101010101010101010101010"; 

TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "10011010"  then 

WRITE_DATA  <=  "010101010101010101010101"; 

TEST_DATA  <=  "010101010101010101010101"; 
elsif  STATE  =  "10011011"  then 

WRITE_DATA  <=  "101010101010101010101010"; 

TEST_DATA  <=  "101010101010101010101010"; 
elsif  STATE  =  "11010110"  then 

WRITE_DATA  <=  "101010101010101010101010"; 

TEST_DATA  <=  "101010101010101010101010"; 

--Starting  Memory  Test 

elsif  STATE  =  "11111000"  then  —  In  state 

WRITE_DATA  <=  "101010101010101010101010"; —  Memory_WU 
TEST_DATA  <=  "101010101010101010101010"; 

elsif  STATE  =  "11111001"  then  —  In  state 

WRITE_DATA  <=  "101010101010101010101010"; —  Memory_RU 
TEST_DATA  <=  "101010101010101010101010"; 

elsif  STATE  =  "11111010"  then  —  In  state 

WRITE_DATA  <=  "010101010101010101010101"; —  Memory_WD 
TEST_DATA  <=  "010101010101010101010101"; 

elsif  STATE  =  "11111011"  then  —  In  state 

WRITE_DATA  <=  "010101010101010101010101"; —  Memory_RD 
TEST_DATA  <=  "010101010101010101010101"; 

--elsif  STATE  =  "11111000"  then  --  In  state  Pass,  no  pattern 
--elsif  STATE  =  "11111111"  then  --  In  state  Freeze,  no  pattern 

end  if; 

end  process  FCN; 


end  PATTERN  arch; 


164 


2, 
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100000X^200000  200000X400000  400000X  800000  800000 X000000Xa..A  A..A  A..A  A..A  A..; 


1 6000  1 6100  1 6200  1 6300  1 6400  1 6500  1 6600  1 6700  1 6800  1 6900  1 7000  1 7100  1 7200 
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A. .A 
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A. .A  A..  A  A. .A  A.. A  A..A  A..A  X  555555XA..A  A..A  A..A  A..; 
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ru 
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A. .A 

A..  A  A. .A 
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A. .A 

~K  555555  X  A..A 
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A. .A 
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A..  A 
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A. .A 

A. .A 

A..  A 
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WRITE_DATA[23:0] 

A. .A 

A..  A 
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A..  A 

A. .A  A..  A 

A. .A 
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DdH 
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90 
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FLAG 
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A.. A 

A..  A 
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A..x 
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A..  A 
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A. .A  A..  A 
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A. .A 

A..  A 

A. .A 

A. .A 
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|2520Q  |253Q0  | 25400  | 25500  | 25600  | 25700  | 25800  | 25900  | 26000  | 26100  | 26200  | 26300  | 2640( 
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C.  COMPARATOR  MODULE 
1.  Schematic  Diagram 

The  Xilinx  LogiCORE  Comparator  is  used  to  create  one  of  the  following  com¬ 
parison  logic  functions:  A=B,  A<>B,  A<=B,  A>=B,  A<B,  or  A>B.  A  and  B  are  external 
ports  ranging  in  width  from  1  to  256  bits,  and  B  can  optionally  be  set  to  a  constant  value. 
The  module  operates  on  signed  or  unsigned  data. 


Comparator 


n  Parameters  |  core  Overview  |  £3  Contact  |  Q  Web  Links  | 


Comparator 


*1 


I 


Component  Name:  |compare24 


j-  Operation  - 

ta=b  ta<=b  r  a<b 

(?A<>B  Ta>=B  r  a>b 

r  Layout  - 

W  Create  RPM 

Inm  it  rintinne 

_  Output  Options 

C  Signed  Data  <*  Unsigned  Data 

C  Non  Registered 

Input  Width:  |24  Valid  Range:  1 .256 

^Registered  Register  Options...  | 

1”  Port  B  Constant:  |0 

r(Both] 

Generate 


Register  Options 


r-  Clock  Enable 


Dismiss 


Data  Sheet... 


Version  Info... 


Display  Core  Footprint 


xj 


Ficiocklnablej 

r  CE  Overrides  - 

C  CE  overrides  Sync  Controls  (*  Sync  Controls  override  CE 


Asynchronous  Settings  - 

r  None  C  Set  (*  Clear  C  Set  and  Clear 
Power  On  Reset  Value  ('O' or  I1);  f 


Synchronous  Settings  - 

<*  None  C  Set  C  Clear  C  Set  and  Clear 


r  Set/Clear  Priority 

(*  Clear  overrides  Set  C  Set  overrides  Clear 


OK 

1 

Cancel 

1 
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2. 

Time  (ns) 

Test-Bench  Waveform 
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_ /i 

Ao _ 

R  AM  D  AT  A[  2  3 : 0] 

CO  5A797A  X  1020A2  X  E92C2E  X  C0B1DDX  5405B2  X  E2BCECX  D5AB0DX  DCE8D5X  E3C847  X  1 7DEA2  X  AAAAAA 

TEST_DATA[2  3 :0] 

CO  5A797A  XD24787  X  646E02  X  C0B1DDX E044D0  X  6EA50D  X  5B8B8C  X  1BEF5F  X  5D0BDDX  12569A  X  555555 

FAIL 

CD  0  /T 

Vo_ 
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o  nr 

1 
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\o _ 

Time  (ns) 
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| 2000  I 

COMP  ENABL E 
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J  i 

\0 

R  AM  D  AT  A[  2  3 : 0] 

CO  AAAAAA 

X  4773 0D 

TEST_DATA[2  3 :0] 

CO  555555 

Aa..a 

"^X  555555 

X  A..A 

“K  555555 

X  D96269 

FAIL 

0 

J 

o 

o 

0 

nr 

1  \Q_ 

/i  Yo_ 
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0 
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STATE  MACHINE  MODULE 


1.  VHDL  Code 


—  filename:  state_machine . vhd 

—  written  by:  Charles  Hulme 

—  This  state  machine  controls  the  flow  of  the  different 

—  tests  that  are  to  be  executed  and  establishes  a  bit  pattern 

—  for  each  test  that  can  be  used  in  the  pattern  generator  to 

—  decode  the  correct  pattern  to  use  in  each  state. 

—  Failing  a  test  does  not  stop  the  state  machine,  but  by  asserting 
--  the  Flag  signal  the  state  will  be  captured  by  the  status  module 


library  IEEE; 

use  IEEE . std_logic_1164 . all; 

use  IEEE . numeric_std . all ; 

entity  STATE_MACHINE  is 
port  ( 

CLOCK:  in  STD_LOGIC; 

RESTART:  in  STD_LOGIC; 

FLAG:  in  STD_LOGIC; 

ADDR :  in  STD_LOGIC_VECTOR  (23  downto  0); 

STATE:  out  STD_LOGIC_VECTOR  (7  downto  0); 

PASS_ENABLE :  out  STD_LOGIC 

)  ; 

end  STATE_MACHINE ; 

architecture  S TATE_MACH INE_a r ch  of  STATE_MACHINE  is 

type  FSM_type  is  (WAIT_STATE, DELAY_C0UNT1 , DELAY_COUNT2 , DELAY_COUNT3 , 

DELAY_COUNT4 , 

DATA_W1 ,  DATA_R1 ,  DATA_C1 ,  DATA_W2 ,  DATA_R2 ,  DATA_C2 , 
DATA_W3 , DATA_R3 , DATA_C3, DATA_W4 , DATA_R4 , DATA_C  4 , 
DATA_W5, DATA_R5, DATA_C5, DATA_W  6 , DATA_R6, DATA_C  6 , 
DATA_W7 ,  DATA_R7 ,  DATA_C7 ,  DATA_W8 ,  DATA_R8 ,  DATA_C  8 , 
DAT A_W  9 ,  DAT A_R  9 ,  DAT A_C  9 ,  DAT A_W  1 0 ,  DAT A_R  1 0 ,  DAT A_C  1 0 , 
DAT A_W  1 1 ,  DAT A_R  1 1 ,  DAT A_C  1 1 ,  DAT A_W  1 2 ,  DAT A_R  1 2 ,  DAT A_C  1 2 , 

DAT A_W  1 3 ,  DAT A_R  1 3 ,  DAT A_C  1 3 ,  DAT A_W  1 4 ,  DAT A_R  1 4 ,  DAT A_C  1 4 , 
DATA_W15, DATA_R15, DATA_C15, DATA_W1 6 , DATA_R1 6 , DATA_C1 6 , 
DATA_W17, DATA_R17, DATA_C17, DATA_W18, DATA_R18, DATA_C18, 
DATA_W1 9 ,  DATA_R1 9 ,  DATA_C  1 9 ,  DATA_W2  0 ,  DATA_R2  0 ,  DATA_C2  0 , 
DATA_W2 1 ,  DATA_R2 1 ,  DATA_C2 1 ,  DATA_W2  2 ,  DATA_R2  2 ,  DATA_C2  2 , 
DATA_W2  3 ,  DATA_R2  3 ,  DATA_C2  3 ,  DATA_W2  4 ,  DATA_R2  4 ,  DATA_C2  4 , 
DATA_W25, DATA_R2  5 , DATA_C25, WAIT_STATE1 , DELAY_C0UNT1 1 , 
DELAY_COUNT12 , DELAY_COUNT13, DELAY_COUNT 1 4 , 

ADDRESS_W1 , ADDRESS_WL1 , ADDRESS_WI 1 , ADDRESS_R1 , ADDRESS_RL1 , 
ADDRESS_W2 ,  ADDRESS_WL2 , ADDRESS_WI2 , ADDRESS_R2 , ADDRESS_RL2 , 
ADDRESS_W3, ADDRESS_WL3, ADDRESS_WI3, ADDRESS_R3, ADDRESS_RL3, 
ADDRESS_W4 , ADDRESS_WL4 , ADDRESS_WI4 , ADDRESS_R4 , ADDRESS_RL4 , 
ADDRESS_W5, ADDRESS_WL5, ADDRESS_WI5, ADDRESS_R5, ADDRESS_RL5, 
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ADDRESS_W6,  ADDRESS_WL6, ADDRESS_WI6, ADDRESS_R6, ADDRESS_RL6 
ADDRESS_W7 ,  ADDRESS_WL7 ,  ADDRESS_WI7 , ADDRESS_R7 , ADDRESS_RL7 
ADDRESS_W8 , ADDRESS_WL8 , ADDRESS_WI 8 , ADDRESS_R8 , ADDRESS_RL8 
ADDRESS_W9, ADDRESS_WL9, ADDRESS_WI9, ADDRESS_R9, ADDRESS_RL9 
ADDRESS_W10, ADDRESS_WL1 0 , ADDRESS_WI 1 0 , ADDRESS_R10, ADDRESS_RL1 0 , 
ADDRESS_W11 , ADDRESS_WL11, ADDRESS_WI11 , ADDRESS_R11, ADDRESS_RL11 , 
ADDRESS_W12 ,  ADDRESS_WL12 ,  ADDRESS_WI 12 , ADDRESS_R12 , ADDRESS_RL12 , 
ADDRESS_W13, ADDRESS_WL13, ADDRESS_WI13, ADDRESS_R13,  ADDRESS_RL13, 
ADDRESS_W14, ADDRESS_WL1 4 , ADDRESS_WI 1 4 , ADDRESS_R14,  ADDRESS_RL1 4 , 
ADDRESS_W15, ADDRESS_WL15, ADDRESS_WI15, ADDRESS_R15, ADDRESS_RL15, 
ADDRESS_W16, ADDRESS_WL1 6 , ADDRESS_WI 1 6 , ADDRESS_R16, ADDRESS_RL1 6 , 
ADDRESS_W17 ,  ADDRESS_WL17 , ADDRESS_WI 17 , ADDRESS_R17 , ADDRESS_RL17 , 
ADDRESS_W18, ADDRESS_WL1 8 , ADDRESS_WI 1 8 , ADDRESS_R18,  ADDRESS_RL1 8 , 
ADDRESS_W19, ADDRESS_WL1 9 , ADDRESS_WI 1 9 , ADDRESS_R19,  ADDRESS_RL1 9 , 
ADDRESS_W20, ADDRESS_WL2 0 , ADDRESS_WI2 0 , ADDRESS_R20, ADDRESS_RL2 0 , 
ADDRESS_W21 , ADDRESS_WL21 , ADDRESS_WI21 , ADDRESS_R21, ADDRESS_RL21 , 
ADDRESS_W22 , ADDRESS_WL22 , ADDRESS_WI22 , ADDRESS_R22 , ADDRESS_RL22 , 
ADDRESS_W23, ADDRESS_WL23, ADDRESS_WI23, ADDRESS_R23, ADDRESS_RL23, 
ADDRESS_W24, ADDRESS_WL2 4 , ADDRESS_WI2 4 , ADDRESS_R24, ADDRESS_RL2 4 , 
MEMORY_WU, MEMORY_RU , MEMORY_WD, MEMORY_RD, MEMORY_WLU, MEMORY_RLU , 
MEMORY_WL D , MEMORY_RL D , FREEZE,  PASS)  ; 

signal  Curr_State,  Next_State  :  FSM_Type; 


begin 


—  Process  that  implements  the  Next  State  Logic 
nxtStProc :  process (Curr_State, RESTART, FLAG, ADDR) 

begin 

if  RESTART  =  '1'  then 

Next_State  <=  WAIT_STATE; 
else 

case  Curr_State  is 

--Delay  counter 
when  WAIT_STATE  => 

Next_State  <=  DELAY_C0UNT1 ; 

when  DELAY_COUNT 1  => 

Next_State  <=  DELAY_C0UNT2 ; 

when  DELAY_C0UNT2  => 

Next_State  <=  DELAY_C0UNT3 ; 

when  DELAY_C0UNT3  => 

Next_State  <=  DELAY_C0UNT4 ; 

when  DELAY_COUNT 4  => 

Next  State  <=  DATA  Wl; 


--Data  Test 

when  DATA_W1  =>  --  Write  pattern  to  Memory 


Next_State  <=  DATA_R1 ; 

when  DATA_R1  =>  --  Read  pattern  from  Memory 

Next_State  <=  DATA_W2 ; 

when  DATA_W2  => 

Next_State  <=  DATA_R2 ; 
when  DATA_R2  => 

Next_State  <=  DATA_W3 ; 

when  DATA_W3  => 

Next_State  <=  DATA_R3 ; 
when  DATA_R3  => 

Next_State  <=  DATA_W4 ; 

when  DATA_W4  => 

Next_State  <=  DATA_R4 ; 
when  DATA_R4  => 

Next_State  <=  DATA_W5 ; 

when  DATA_W5  => 

Next_State  <=  DATA_R5 ; 
when  DATA_R5  => 

Next_State  <=  DATA_W 6 ; 

when  DATA_W6  => 

Next_State  <=  DATA_R6 ; 
when  DATA_R6  => 

Next_State  <=  DATA_W7 ; 

when  DATA_W7  => 

Next_State  <=  DATA_R7 ; 
when  DATA_R7  => 

Next_State  <=  DATA_W8 ; 

when  DATA_W8  => 

Next_State  <=  DATA_R8 ; 
when  DATA_R8  => 

Next_State  <=  DATA_W 9 ; 

when  DATA_W9  => 

Next_state  <=  DATA_R9 ; 
when  DATA_R9  => 

Next_State  <=  DATA_W10; 

when  DATA_W1 0  => 

Next_State  <=  DATA_R10 ; 
when  DATA_R10  => 

Next_State  <=  DATA_W11; 

when  DATA_W11  => 

Next_state  <=  DATA_R11; 
when  DATA_R11  => 

Next  State  <=  DATA  W12; 
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when  DATA_W12  => 

Next_State  <=  DATA_R12 ; 
when  DATA_R12  => 

Next_State  <=  DATA_W13; 

when  DATA_W13=> 

Next_State  <=  DATA_R13 ; 
when  DATA_R13=> 

Next_State  <=  DATA_W14; 

when  DATA_W14=> 

Next_State  <=  DATA_R14 ; 
when  DATA_R14=> 

Next_State  <=  DATA_W15; 

when  DATA_W15=> 

Next_State  <=  DATA_R15; 
when  DATA_R15=> 

Next_State  <=  DATA_W16; 

when  DATA_W16=> 

NextjState  <=  DATA_R1 6 ; 
when  DATA_R1 6=> 

Next_State  <=  DATA_W17; 

when  DATA_W1 7=> 

Next_State  <=  DATA_R17 ; 
when  DATA_R17=> 

Next_State  <=  DATA_W18; 

when  DATA_W18=> 

Next_State  <=  DATA_R18 ; 
when  DATA_R18=> 

Next_State  <=  DATA_W19; 

when  DATA_W19=> 

Next_State  <=  DATA_R1 9 ; 
when  DATA_R1 9=> 

Next_State  <=  DATA_W20; 

when  DATA_W20=> 

Next_State  <=  DATA_R2  0 ; 
when  DATA_R2  0=> 

Next_State  <=  DATA_W21; 

when  DATA_W2 1=> 

Next_State  <=  DATA_R2 1 ; 
when  DATA_R2 1=> 

Next_State  <=  DATA_W22; 

when  DATA_W22  => 

Next_State  <=  DATA_R2 2 ; 
when  DATA_R2  2  => 

Next  State  <=  DATA  W23; 
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when  DATA_W23  => 

Next_State  <=  DATA_R2 3 ; 
when  DATA_R2  3  => 

Next_State  <=  DATA_W24; 

when  DATA_W24  => 

Next_State  <=  DATA_R2  4 ; 
when  DATA_R24  => 

Next_State  <=  DATA_W25; 

when  DATA_W25  => 

Next_State  <=  DATA_R2 5 ; 
when  DATA_R2  5  => 

Next_state  <=  WAITJ3TATE1; 

--  Delay  counter 
when  WAIT_STATE1  => 

Next_State  <=  DELAY_C0UNT1 1 ; 

when  DELAY_COUNT 1 1  => 

Next_State  <=  DELAY_C0UNT12 ; 

when  DELAY_C0UNT12  => 

Next_State  <=  DELAY_C0UNT13 ; 

when  DELAY_C0UNT13  => 

Next_State  <=  DELAY_C0UNT1 4 ; 

when  DELAY_COUNT 1 4  => 

Next_State  <=  ADDRESS_W1; 

--Address  Test 

when  ADDRESS_W1  =>  --write  data  to  all  Power  of  2  addresses 
if  ADDR  =  "100000000000000000000000"  then 
Next_state  <=  ADDRESS_WL1 ; 
else 

Next_State  <=  ADDRESS_W1; 
end  if; 

when  ADDRESS_WL1  =>  --write  data  to  last  Power  of  2  address 
Next_State  <=  ADDRESS_WI1; 

when  ADDRESS_WI1  =>  --write  an  inverted  copy  to  one  address 
Next_State  <=  ADDRESS_R1 ; 

when  ADDRESS_R1  =>  --read  data  from  all  Power  of  2  addresses 
if  ADDR  =  "100000000000000000000000"  then 
Next_state  <=  ADDRESS_RL1; 
else 

Next_State  <=  ADDRESS_R1 ; 
end  if; 

when  ADDRESS_RL1  =>  --read  data  from  last  Power  of  2  address 
Next_State  <=  ADDRESS_W2; 

when  ADDRESS_W2  => 

if  ADDR  =  "100000000000000000000000"  then 
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Next_State  <=  ADDRESS_WL2 ; 
else 

Next_State  <=  ADDRESS_W2; 
end  if; 

when  ADDRESS_WL2  => 

Next_State  <=  ADDRESS  J4I2; 
when  ADDRESS_WI2  => 

Next_State  <=  ADDRESS_R2 ; 
when  ADDRESS_R2  => 

if  ADDR  =  "100000000000000000000000" 
Nextjstate  <=  ADDRESS_RL2 ; 
else 

Next_State  <=  ADDRESS_R2 ; 
end  if; 

when  ADDRESS_RL2  => 

Next_State  <=  ADDRESS  J43; 

when  ADDRESS_W3  => 

if  ADDR  =  "100000000000000000000000" 
Nextjstate  <=  ADDRESS  JHL3; 
else 

Next_State  <=  ADDRESS_W3; 
end  if; 

when  ADDRESS_WL3  => 

Nextjstate  <=  ADDRESS  J4I3; 
when  ADDRESS_WI3  => 

Next_State  <=  ADDRESS_R3 ; 
when  ADDRESS_R3  => 

if  ADDR  =  "100000000000000000000000" 
Nextjstate  <=  ADDRESS_RL3 ; 
else 

Next_State  <=  ADDRESS_R3 ; 
end  if; 

when  ADDRESS_RL3  => 

Next_State  <=  ADDRESS  JH4; 

when  ADDRESS_W4  => 

if  ADDR  =  "100000000000000000000000" 
Nextjstate  <=  ADDRESS  J/^L  4  ; 
else 

Next_State  <=  ADDRESS_W4; 
end  if; 

when  ADDRESS_WL4  => 

Next_State  <=  ADDRESS_WI4; 
when  ADDRESS_WI 4  => 

Next_State  <=  ADDRESS_R4 ; 
when  ADDRESS_R4  => 

if  ADDR  =  "100000000000000000000000" 
Next_state  <=  ADDRESS_RL4 ; 
else 

Next_State  <=  ADDRESS_R4 ; 
end  if; 

when  ADDRESS_RL4  => 

Nextjstate  <=  ADDRESS J/J5 ; 
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then 


then 


then 


then 


then 


when  ADDRESS_W5  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_WL5 ; 
else 

Next_State  <=  ADDRESS_W5; 
end  if; 

when  ADDRESS_WL5  => 

Next_State  <=  ADDRESS_WI5; 
when  AD DRE S S_W 1 5  => 

Next_State  <=  ADDRESS_R5 ; 
when  ADDRESS_R5  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_RL5 ; 
else 

Next_State  <=  ADDRESS_R5 ; 
end  if; 

when  ADDRESS_RL5  => 

Next_State  <=  ADDRESS_W6; 

when  ADDRESS_W6  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  AD DRE S S_WL 6 ; 
else 

Next_State  <=  ADDRESS_W6; 
end  if; 

when  ADDRESS_WL6  => 

Next_State  <=  ADDRESS_WI6; 
when  ADDRESS_WI 6  => 

Next_State  <=  ADDRESS_R6 ; 
when  ADDRESS_R6  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  AD DRE S S_RL 6 ; 
else 

Next_State  <=  ADDRESS_R6 ; 
end  if; 

when  ADDRESS_RL6  => 

Next_State  <=  ADDRESS_W7; 

when  ADDRESS_W7  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_WL7 ; 
else 

Next_State  <=  ADDRESS_W7; 
end  if; 

when  ADDRESS_WL7  => 

Next_State  <=  ADDRESS_WI7; 
when  ADDRESS_WI 7  => 

Next_State  <=  ADDRESS_R7 ; 
when  ADDRESS_R7  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_RL7 ; 
else 

Next  State  <=  ADDRESS  R7 ; 
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end  if; 

when  ADDRESS_RL7  => 

Next_State  <=  ADDRESS_W8; 

when  ADDRESS_W8  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_WL8 ; 
else 

Next_State  <=  ADDRESS_W8; 
end  if; 

when  ADDRESS_WL8  => 

Next_State  <=  ADDRESS_WI8; 
when  ADDRESS_WI 8  => 

Next_State  <=  ADDRESS_R8 ; 
when  ADDRESS_R8  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_RL8 ; 
else 

Next_State  <=  ADDRESS_R8 ; 
end  if; 

when  ADDRESS_RL8  => 

Next_State  <=  ADDRESS_W9; 

when  ADDRESS_W9  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_WL9 ; 
else 

Next_State  <=  ADDRESS_W9; 
end  if; 

when  ADDRESS_WL9  => 

Next_State  <=  ADDRESS_WI9; 
when  ADDRESS_WI 9  => 

Next_State  <=  ADDRESS_R9 ; 
when  ADDRESS_R9  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_state  <=  ADDRESS_RL9 ; 
else 

Next_State  <=  ADDRESS_R9 ; 
end  if; 

when  ADDRESS_RL9  => 

Next_State  <=  ADDRESS_W10; 

when  ADDRESS_W1 0  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_WL10 ; 
else 

Next_State  <=  ADDRESS_W10; 
end  if; 

when  ADDRESS_WL1 0  => 

Next_state  <=  ADDRESS_WI10 ; 
when  ADDRESS_WI 1 0  => 

Next_State  <=  ADDRESS_R10 ; 
when  ADDRESS_R10  => 

if  ADDR  =  "100000000000000000000000"  then 
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Next_State  <=  ADDRESS_RL10 ; 
else 

Next_State  <=  ADDRESS_R10 ; 
end  if; 

when  ADDRESS_RL10  => 

Next_State  <=  ADDRESS_W11; 

when  ADDRESS_W1 1  => 

if  ADDR  =  "100000000000000000000000"  then 
NextjState  <=  ADDRESS_WL11 ; 
else 

Next_State  <=  ADDRESS_W11; 
end  if; 

when  ADDRESS_WL1 1  => 

Next_State  <=  ADDRESS_WI11 ; 
when  ADDRESS_WI 1 1  => 

Next_State  <=  ADDRESS_R11 ; 
when  ADDRESS_R11  => 

if  ADDR  =  "100000000000000000000000"  then 
NextjState  <=  ADDRESS_RL11 ; 
else 

Next_State  <=  ADDRESS_R11 ; 
end  if; 

when  ADDRE  S  S_RL 1 1  => 

NextjState  <=  ADDRESS_W12; 

when  ADDRESS_W12  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_WL12 ; 
else 

NextjState  <=  ADDRESS_W12; 
end  if; 

when  ADDRE SS_WL 12  => 

Next_State  <=  ADDRESS_WI12 ; 
when  ADDRESS_WI12  => 

Next_State  <=  ADDRESS_R12 ; 
when  ADDRESS_R12=> 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRE SS_RL 12 ; 
else 

Next_State  <=  ADDRESS_R12 ; 
end  if; 

when  ADDRE  S  S_RL 1 2  => 

Next_State  <=  ADDRESS_W13; 

when  ADDRESS_W13  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_WL13 ; 
else 

Next_State  <=  ADDRESS_W13; 
end  if; 

when  ADDRE SS_WL 13  => 

Next_State  <=  ADDRESS_WI13; 
when  ADDRESS  WI13  => 
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Next_State  <=  ADDRESS_R13 ; 
when  ADDRESS_R13=> 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_RL13 ; 
else 

Next_State  <=  ADDRESS_R13 ; 
end  if; 

when  ADDRE  S  S_RL 1 3  => 

Next_State  <=  ADDRESS_W14; 

when  ADDRESS_W1 4  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_WL14 ; 
else 

Next_State  <=  ADDRESS_W14; 
end  if; 

when  ADDRESS_WL1 4  => 

Next_State  <=  ADDRESS_WI14 ; 
when  ADDRESS_WI 1 4  => 

Next_State  <=  ADDRESS_R14 ; 
when  ADDRESS_R14=> 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRE SS_RL 14 ; 
else 

Next_State  <=  ADDRESS_R14 ; 
end  if; 

when  ADDRE  S  S_RL 1 4  => 

Next_State  <=  ADDRESS_W15; 

when  ADDRESS_W15  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_WL15; 
else 

Next_State  <=  ADDRESS_W15; 
end  if; 

when  ADDRESS_WL15  => 

Next_State  <=  ADDRESS_WI15; 
when  ADDRESS_WI 1 5  => 

Next_State  <=  ADDRESS_R15; 
when  ADDRESS_R15=> 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_RL15; 
else 

Next_State  <=  ADDRESS_R15; 
end  if; 

when  ADDRESS_RL15  => 

Next_State  <=  ADDRESS_W16; 

when  ADDRESS_W1 6  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_WL16; 
else 

Next_State  <=  ADDRESS_W16; 
end  if; 
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when  ADDRESS_WL1 6  => 

Next_State  <=  ADDRESS_WI16; 
when  ADDRESS_WI 1 6  => 

Next_State  <=  ADDRESS_R1 6 ; 
when  ADDRESS_R1 6=> 

if  ADDR  =  "100000000000000000000000" 
Next_State  <=  ADDRESS_RL1 6 ; 
else 

Next_State  <=  ADDRESS_R1 6 ; 
end  if; 

when  ADDRESS_RL1 6  => 

Next_State  <=  ADDRESS_W17; 

when  ADDRESS_W17  => 

if  ADDR  =  "100000000000000000000000" 
NextjState  <=  ADDRESS_WL17 ; 
else 

Next_State  <=  ADDRESS_W17; 
end  if; 

when  ADDRESS_WL1 7  => 

Next_State  <=  ADDRESS_WI17 ; 
when  ADDRESS_WI17  => 

Next_State  <=  ADDRESS_R17 ; 
when  ADDRESS_R17=> 

if  ADDR  =  "100000000000000000000000" 
Next_state  <=  ADDRESS_RL17 ; 
else 

Next_State  <=  ADDRESS_R17 ; 
end  if; 

when  ADDRESS_RL17  => 

Next_State  <=  ADDRESS_W18; 

when  ADDRESS_W1 8  => 

if  ADDR  =  "100000000000000000000000" 
Next_State  <=  ADDRESS_WL18 ; 
else 

Next_State  <=  ADDRESS_W18; 
end  if; 

when  ADDRESS_WL1 8  => 

Next_state  <=  ADDRESS_WI18 ; 
when  ADDRESS_WI 1 8  => 

Next_State  <=  ADDRESS_R18 ; 
when  ADDRESS_R1 8=> 

if  ADDR  =  "100000000000000000000000" 
Next_State  <=  ADDRESS_RL18 ; 
else 

Next_State  <=  ADDRESS_R18 ; 
end  if; 

when  ADDRESS_RL18  => 

Next_state  <=  ADDRESS_W19; 

when  ADDRESS_W1 9  => 

if  ADDR  =  "100000000000000000000000" 
Next  State  <=  ADDRESS  WL19; 


then 


then 


then 


then 


then 


then 
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else 

Next_State  <=  ADDRESS_W19; 
end  if; 

when  ADDRESS_WL1 9  => 

Next_state  <=  ADDRESS_WI19; 
when  ADDRESS_WI 1 9  => 

Next_State  <=  ADDRESS_R1 9 ; 
when  ADDRESS_R1 9=> 

if  ADDR  =  "100000000000000000000000"  then 
Next_state  <=  ADDRESS_RL1 9 ; 
else 

Next_State  <=  ADDRESS_R1 9 ; 
end  if; 

when  ADDRE  S  S_RL 1 9  => 

Next_State  <=  ADDRESS_W20; 

when  ADDRESS_W2  0  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_WL20 ; 
else 

Next_State  <=  ADDRESS_W20; 
end  if; 

when  ADDRESS_WL2 0  => 

Next_State  <=  ADDRESS_WI20 ; 
when  ADDRESS_WI20  => 

Next_state  <=  ADDRESS_R20 ; 
when  ADDRE SS_R20  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_RL20 ; 
else 

Next_State  <=  ADDRESS_R20 ; 
end  if; 

when  ADDRESS_RL20  => 

Next_State  <=  ADDRESS_W21; 

when  ADDRESS_W2 1  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_WL21 ; 
else 

Next_State  <=  ADDRESS_W21; 
end  if; 

when  ADDRESS_WL21  => 

Next_State  <=  ADDRESS_WI21 ; 
when  ADDRE SS_WI 21  => 

Next_State  <=  ADDRESS_R21; 
when  ADDRESS_R21  => 

if  ADDR  =  "100000000000000000000000"  then 
Next_State  <=  ADDRESS_RL21 ; 
else 

Next_State  <=  ADDRESS_R21; 
end  if; 

when  ADDRESS_RL21  => 

Next  State  <=  ADDRESS  W22; 
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when  ADDRESS_W22  => 

if  ADDR  =  "100000000000000000000000" 
Next_State  <=  ADDRESS_WL22 ; 
else 

Next_state  <=  ADDRESS_W22; 
end  if; 

when  ADDRESS_WL22  => 

Next_State  <=  ADDRESS_WI22 ; 
when  ADDRESS_WI22  => 

Next_state  <=  ADDRESS_R22 ; 
when  ADDRESS_R22  => 

if  ADDR  =  "100000000000000000000000" 
Next_State  <=  ADDRESS_RL22 ; 
else 

Next_State  <=  ADDRESS_R22 ; 
end  if; 

when  ADDRESS_RL22  => 

Next_State  <=  ADDRESS_W23; 

when  ADDRESS_W23  => 

if  ADDR  =  "100000000000000000000000" 
Next_State  <=  ADDRESS_WL23 ; 
else 

Next_State  <=  ADDRESS_W23; 
end  if; 

when  ADDRESS_WL23  => 

Next_State  <=  ADDRESS_WI23 ; 
when  ADDRESS_WI23  => 

Next_State  <=  ADDRESS_R23 ; 
when  ADDRESS_R23  => 

if  ADDR  =  "100000000000000000000000" 
Next_State  <=  ADDRESS_RL23 ; 
else 

Next_State  <=  ADDRESS_R23 ; 
end  if; 

when  ADDRESS_RL23  => 

Next_State  <=  ADDRESS_W24; 

when  ADDRESS_W2  4  => 

if  ADDR  =  "100000000000000000000000" 
Next_state  <=  ADDRESS_WL24 ; 
else 

Next_State  <=  ADDRESS_W24; 
end  if; 

when  ADDRESS_WL2 4  => 

Next_State  <=  ADDRESS_WI24 ; 
when  ADDRESS_WI24  => 

Next_State  <=  ADDRESS_R24 ; 
when  ADDRESS_R24  => 

if  ADDR  =  "100000000000000000000000" 
Next_state  <=  ADDRESS_RL24 ; 
else 

Next_State  <=  ADDRESS_R24 ; 
end  if; 


then 


then 


then 


then 


then 


then 
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when  ADDRESS_RL2  4  => 

Next_State  <=  MEMORY_WU ; 

--Memory  Test 
when  MEMORY_WU  => 

if  ADDR  =  "111111111111111111111111"  then 
Next_State  <=  MEMORY_WLU ; 
else 

Next_State  <=  MEMORY_WU ; 
end  if; 

when  MEMORY_WLU  => 

Next_State  <=  MEMORY_RU ; 

when  MEMORY_RU  => 

if  ADDR  =  "111111111111111111111111"  then 
Next_State  <=  MEMORY_RLU ; 
else 

Next_State  <=  MEMORY_RU ; 
end  if; 

when  MEMORY_RLU  => 

Next_State  <=  MEMORY_WD ; 

when  MEMORY_WD  => 

if  ADDR  =  "000000000000000000000000"  then 
Next_State  <=  MEMORY_WLD ; 
else 

Next_State  <=  MEMORY_WD ; 
end  if; 

when  MEMORY_WLD  => 

Next_State  <=  MEMORY_RD ; 

when  MEMORY_RD  => 

if  ADDR  =  "000000000000000000000000"  then 
Next_State  <=  MEMORY_RLD ; 
else 

Next_State  <=  MEMORY_RD ; 
end  if; 

when  MEMORY_RLD  => 

Next_State  <=  PASS; 

--If  all  tests  pass 
when  PASS  => 

Next_State  <=  DELAY_C0UNT1 ; 

--If  a  test  fails 
when  FREEZE  => 

if  RESTART  =  '1'  then 

Next_State  <=  WAIT_STATE ; 
else 

NEXT  STATE  <=  FREEZE; 


185 


end  if; 


when  others  =>  Next_State  <=  WAIT_STATE; 

end  case; 
end  if; 

end  process  nxtStProc; 

--Process  to  register  current  state 
curStProc:  process  (CLOCK, RESTART, Next_State) 
begin 

if  (RESTART  =  '1')  then 

Curr_State  <=  WAIT_STATE ; 
elsif  (CLOCK' event  and  CLOCK  ='l')  then 
Curr_State  <=  Next_State; 
end  if; 

end  process  curStProc; 

--Process  to  generate  outputs 
outConProc:  process (Curr_State) 
begin 


--  Set  default  value  of  ZERO  for  all  output  signals 
STATE  <=  "00000000"; 

PASS_ENABLE  <=  1 0 1 ; 

--  Set  certain  outputs  depending  on  which  state  currently  in 
case  Curr_State  is 

when  WAIT_STATE  => 

STATE  <=  "00000000"; 

when  DELAY_COUNT 1  => 

STATE  <=  "00000001"; 

when  DELAY_COUNT2  => 

STATE  <=  "00000001"; 

when  DELAY_COUNT3  => 

STATE  <=  "00000001"; 

when  DELAY_COUNT 4  => 

STATE  <=  "00000001"; 

--Starting  Data  Test 

when  DATA_W1  =>  --  write  data 

STATE  <=  "00000010"; 

when  DATA_R1  =>  --  read  data 

STATE  <=  "00000011"; 

when  DATA_W2  => 

STATE  <=  "00000100"; 

when  DATA  R2  => 
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STATE  <=  "00000101 


when  DATA_W3  => 

STATE  <=  "00000110" 
when  DATA_R3  => 

STATE  <=  "00000111" 

when  DATA_W4  => 

STATE  <=  "00001000" 
when  DATA_R4  => 

STATE  <=  "00001001" 

when  DATA_W5  => 

STATE  <=  "00001010" 
when  DATA_R5  => 

STATE  <=  "00001011" 

when  DATA_W6  => 

STATE  <=  "00001100" 
when  DATA_R6  => 

STATE  <=  "00001101" 

when  DATA_W7  => 

STATE  <=  "00001110" 
when  DATA_R7  => 

STATE  <=  "00001111" 

when  DATA_W8  => 

STATE  <=  "00010000" 
when  DATA_R8  => 

STATE  <=  "00010001" 

when  DATA_W9  => 

STATE  <=  "00010010" 
when  DATA_R9  => 

STATE  <=  "00010011" 

when  DATA_W1 0  => 

STATE  <=  "00010100" 
when  DATA_R10  => 

STATE  <=  "00010101" 

when  DATA_W11  => 

STATE  <=  "00010110" 
when  DATA_R11  => 

STATE  <=  "00010111" 

when  DATA_W12  => 

STATE  <=  "00011000" 
when  DATA_R12  => 

STATE  <=  "00011001" 

when  DATA_W13  => 

STATE  <=  "00011010" 


when  DATA_R13  => 

STATE  <=  "00011011" 

when  DATA_W14  => 

STATE  <=  "00011100" 
when  DATA_R14  => 

STATE  <=  "00011101" 

when  DATA_W15  => 

STATE  <=  "00011110" 
when  DATA_R15  => 

STATE  <=  "00011111" 

when  DATA_W1 6  => 

STATE  <=  "00100000" 
when  DATA_R1 6  => 

STATE  <=  "00100001" 

when  DATA_W17  => 

STATE  <=  "00100010" 
when  DATA_R17  => 

STATE  <=  "00100011" 

when  DATA_W1 8  => 

STATE  <=  "00100100" 
when  DATA_R18  => 

STATE  <=  "00100101" 

when  DATA_W1 9  => 

STATE  <=  "00100110" 
when  DATA_R1 9  => 

STATE  <=  "00100111" 

when  DATA_W20  => 

STATE  <=  "00101000" 
when  DATA_R2  0  => 

STATE  <=  "00101001" 

when  DATA_W2 1  => 

STATE  <=  "00101010" 
when  DATA_R2 1  => 

STATE  <=  "00101011" 

when  DATA_W22  => 

STATE  <=  "00101100" 
when  DATA_R2  2  => 

STATE  <=  "00101101" 

when  DATA_W23  => 

STATE  <=  "00101110" 
when  DATA_R2  3  => 

STATE  <=  "00101111" 


when  DATA  W24  => 


STATE  <=  "00110000"; 
when  DATA_R2  4  => 

STATE  <=  "00110001"; 

when  DATA_W25  => 

STATE  <=  "00110010"; 
when  DATA_R2  5  => 

STATE  <=  "00110011"; 

when  WAIT_STATE1  =>  --  start  delay  counter 

STATE  <=  "00111110"; 

when  DELAY_COUNTll  => 

STATE  <=  "00111111"; 

when  DELAY_COUNT 1 2  => 

STATE  <=  "00111111"; 

when  DELAY_COUNT13  => 

STATE  <=  "00111111"; 

when  DELAY_COUNT14  => 

STATE  <=  "00111111"; 

--Starting  Address  Test 

when  ADDRESS_W1  =>  --  write  pattern 

STATE  <=  "01000000"; 

when  ADDRESS_WL1  =>  --  write  pattern  to  last  address 
STATE  <=  "01000001"; 

when  ADDRESS_WI1  =>  --  write  inverted  pattern 

STATE  <=  "01000010"; 
when  ADDRESS_R1  =>  --  read  pattern 

STATE  <=  "01000011"; 

when  ADDRESS_RL1  =>  --  read  pattern  from  last  address 

STATE  <=  "11000000"; 

when  ADDRESS_W2  => 

STATE  <=  "01000100"; 
when  ADDRESS_WL2  => 

STATE  <=  "01000101"; 
when  ADDRESS_WI2  => 

STATE  <=  "01000110"; 
when  ADDRESS_R2  => 

STATE  <=  "01000111"; 
when  ADDRESS_RL2  => 

STATE  <=  "11000001"; 

when  ADDRESS_W3  => 

STATE  <=  "01001000"; 
when  ADDRESS_WL3  => 

STATE  <=  "01001001"; 
when  ADDRESS_WI3  => 

STATE  <=  "01001010"; 
when  ADDRESS  R3  => 
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STATE  <=  "01001011" 
when  ADDRESS_RL3  => 
STATE  <=  "11000010" 

when  ADDRESS_W4  => 

STATE  <=  "01001100" 
when  ADDRESS_WL4  => 
STATE  <=  "01001101" 
when  ADDRESS_WI 4  => 
STATE  <=  "01001110" 
when  ADDRESS_R4  => 

STATE  <=  "01001111" 
when  ADDRESS_RL4  => 
STATE  <=  "11000011" 

when  ADDRESS_W5  => 

STATE  <=  "01010000" 
when  ADDRESS_WL5  => 
STATE  <=  "01010001" 
when  ADDRESS_WI5  => 
STATE  <=  "01010010" 
when  ADDRESS_R5  => 

STATE  <=  "01010011" 
when  ADDRESS_RL5  => 
STATE  <=  "11000100" 

when  ADDRESS_W6  => 

STATE  <=  "01010100" 
when  ADDRESS_WL6  => 
STATE  <=  "01010101" 
when  ADDRESS_WI 6  => 

STATE  <=  "01010110" 
when  ADDRESS_R6  => 

STATE  <=  "01010111" 
when  ADDRESS_RL6  => 
STATE  <=  "11000101" 

when  ADDRESS_W7  => 

STATE  <=  "01011000" 
when  ADDRESS_WL7  => 

STATE  <=  "01011001" 
when  ADDRESS_WI7  => 
STATE  <=  "01011010" 
when  ADDRESS_R7  => 

STATE  <=  "01011011" 
when  ADDRESS_RL7  => 

STATE  <=  "11000110" 

when  ADDRESS_W8  => 

STATE  <=  "01011100" 
when  ADDRESS_WL8  => 
STATE  <=  "01011101" 
when  ADDRESS_WI 8  => 
STATE  <=  "01011110" 


when  ADDRESS_R8  => 

STATE  <=  "01011111" 
when  ADDRESS_RL8  => 
STATE  <=  "11000111" 

when  ADDRESS_W9  => 
STATE  <=  "01100000" 
when  ADDRESS_WL9  => 
STATE  <=  "01100001" 
when  ADDRESS_WI 9  => 

STATE  <=  "01100010" 
when  ADDRESS_R9  => 
STATE  <=  "01100011" 
when  ADDRESS_RL9  => 
STATE  <=  "11001000" 

when  ADDRESS_W1 0  => 
STATE  <=  "01100100" 
when  ADDRESS_WL1 0  => 
STATE  <=  "01100101" 
when  ADDRESS_WI 1 0  => 
STATE  <=  "01100110" 
when  ADDRESS_R10  => 
STATE  <=  "01100111" 
when  ADDRESS_RL10  => 
STATE  <=  "11001001" 

when  ADDRESS_W1 1  => 
STATE  <=  "01101000" 
when  ADDRESS_WL1 1  => 
STATE  <=  "01101001" 
when  ADDRESS_WI 1 1  => 
STATE  <=  "01101010" 
when  ADDRESS_R11  => 
STATE  <=  "01101011" 
when  ADDRESS_RL11  => 
STATE  <=  "11001010" 

when  ADDRESS_W12  => 
STATE  <=  "01101100" 
when  ADDRESS_WL12  => 
STATE  <=  "01101101" 
when  ADDRESS_WI12  => 
STATE  <=  "01101110" 
when  ADDRESS_R12  => 

STATE  <=  "01101111" 
when  ADDRE S S_RL 1 2  => 
STATE  <=  "11001011" 

when  ADDRESS_W13  => 
STATE  <=  "01110000" 
when  ADDRE SS_WL 13  => 
STATE  <=  "01110001" 
when  ADDRESS  WI13  => 


STATE  <=  "01110010" 
when  ADDRESS_R13  => 
STATE  <=  "01110011" 
when  ADDRE S S_RL 1 3  => 
STATE  <=  "11001100" 

when  ADDRESS_W1 4  => 
STATE  <=  "01110100" 
when  ADDRESS_WL1 4  => 
STATE  <=  "01110101" 
when  ADDRESS_WI 1 4  => 
STATE  <=  "01110110" 
when  ADDRESS_R14  => 
STATE  <=  "01110111" 
when  ADDRESS_RL14  => 
STATE  <=  "11001101" 

when  ADDRESS_W15  => 
STATE  <=  "01111000" 
when  ADDRESS_WL15  => 
STATE  <=  "01111001" 
when  ADDRESS_WI 1 5  => 
STATE  <=  "01111010" 
when  ADDRESS_R15  => 
STATE  <=  "01111011" 
when  ADDRESS_RL15  => 
STATE  <=  "11001110" 

when  ADDRESS_W1 6  => 
STATE  <=  "01111100" 
when  ADDRESS_WL1 6  => 
STATE  <=  "01111101" 
when  ADDRESS_WI 1 6  => 
STATE  <=  "01111110" 
when  ADDRESS_R1 6  => 
STATE  <=  "01111111" 
when  ADDRE S S_RL 1 6  => 
STATE  <=  "11001111" 

when  ADDRESS_W1 7  => 
STATE  <=  "10000000" 
when  ADDRE SS_WL 17  => 
STATE  <=  "10000001" 
when  ADDRE SS_WI 17  => 
STATE  <=  "10000010" 
when  ADDRESS_R17  => 
STATE  <=  "10000011" 
when  ADDRE S S_RL 1 7  => 
STATE  <=  "11010000" 

when  ADDRESS_W1 8  => 
STATE  <=  "10000100" 
when  ADDRESS_WL1 8  => 
STATE  <=  "10000101" 


when  ADDRESS_WI 1 8  => 
STATE  <=  "10000110" 
when  ADDRESS_R18  => 
STATE  <=  "10000111" 
when  ADDRESS_RL18  => 
STATE  <=  "11010001" 

when  ADDRESS_W1 9  => 
STATE  <=  "10001000" 
when  ADDRESS_WL1 9  => 
STATE  <=  "10001001" 
when  ADDRESS_WI 1 9  => 
STATE  <=  "10001010" 
when  ADDRESS_R1 9  => 
STATE  <=  "10001011" 
when  ADDRESS_RL1 9  => 
STATE  <=  "11010010" 

when  ADDRESS_W2  0  => 
STATE  <=  "10001100" 
when  ADDRESS_WL2 0  => 
STATE  <=  "10001101" 
when  ADDRESS_WI20  => 
STATE  <=  "10001110" 
when  ADDRESS_R20  => 
STATE  <=  "10001111" 
when  ADDRESS_RL20  => 
STATE  <=  "11010011" 

when  ADDRESS_W2 1  => 
STATE  <=  "10010000" 
when  ADDRESS_WL2 1  => 
STATE  <=  "10010001" 
when  ADDRESS_WI21  => 
STATE  <=  "10010010" 
when  ADDRESS_R21  => 
STATE  <=  "10010011" 
when  ADDRESS_RL21  => 
STATE  <=  "11010100" 

when  ADDRESS_W22  => 
STATE  <=  "10010100" 
when  ADDRESS_WL22  => 
STATE  <=  "10010101" 
when  ADDRESS_WI22  => 
STATE  <=  "10010110" 
when  ADDRESS_R22  => 
STATE  <=  "10010111" 
when  ADDRESS_RL22  => 
STATE  <=  "11010101" 

when  ADDRESS_W23  => 
STATE  <=  "10011000" 
when  ADDRESS  WL23  => 


STATE  <=  "10011001"; 
when  ADDRESS_WI23  => 

STATE  <=  "10011010"; 
when  ADDRESS_R23  => 

STATE  <=  "10011011"; 
when  ADDRESS_RL23  => 

STATE  <=  "11010110"; 

when  ADDRESS_W2  4  => 

STATE  <=  "10011100"; 
when  ADDRESS_WL2 4  => 

STATE  <=  "10011101"; 
when  ADDRESS_WI24  => 

STATE  <=  "10011110"; 
when  ADDRESS_R24  => 

STATE  <=  "10011111"; 
when  ADDRESS_RL24  => 

STATE  <=  "11010111"; 

--Starting  Memory  Test 
when  MEMORY_WU  => 

STATE  <=  "11111000"; 

when  MEMORY_WLU  => 

STATE  <=  "11111000"; 

when  MEMORY_RU  => 

STATE  <=  "11111001"; 

when  MEMORY_RLU  => 

STATE  <=  "11111001"; 

when  MEMORY_WD  => 

STATE  <=  "11111010"; 

when  MEMORY_WLD  => 

STATE  <=  "11111010"; 

when  MEMORY_RD  => 

STATE  <=  "11111011"; 

when  MEMORY_RLD  => 

STATE  <=  "11111011"; 

when  PASS  => 

PASS_ENABLE  <=  ' 1 ' ;  --  clock  pass  counter 

STATE  <=  "11111100"; 

when  FREEZE  => 

STATE  <=  "11111111"; 

when  others  => 
null ; 
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end  case; 


end  process  outConProc; 


end  STATE  MACHINE  arch; 
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COUNTER-CONTROL  MODULE 


1.  VHDL  Code 


—  filename:  cntr_cntl . vhd 

—  written  by:  Charles  Hulme 

—  This  controls  the  different  counters  and  when  they  are 

—  enabled/disabled  and  when  they  are  reset. 


library  IEEE; 

use  IEEE. STD_LOGIC_1164. ALL; 
use  IEEE. STD_LOGIC_ARITH. ALL; 
use  IEEE. STD  LOGIC  UNSIGNED . ALL; 


entity  cntr_cntl  is 
Port  ( 

STATE:  in  std_logic_vector  (7  downto  0)  ; 

RESET:  out  STD_LOGIC_vector  (5  downto  0); 

ENABLE:  out  STD_LOGIC_vector  (5  downto  0) 

)  ; 

end  cntr_cntl; 

architecture  Behavioral  of  cntr_cntl  is 
begin 

fen:  process  (STATE) 
begin 

--Data  Test  uses  a  fixed  address 

--Start  Address  Test 

if  (STATE  =  "01000000"  or  STATE  =  "01000100" 

or  STATE  =  "01001000"  or  STATE  =  "01001100" 

or  STATE  =  "01010000"  or  STATE  =  "01010100" 

or  STATE  =  "01011000"  or  STATE  =  "01011100" 

or  STATE  =  "01100000"  or  STATE  =  "01100100" 

or  STATE  =  "01101000"  or  STATE  =  "01101100" 


or 

STATE  = 

"01110000" 

or 

STATE  = 

"01110100" 

or 

STATE  = 

"01111000" 

or 

STATE  = 

"01111100" 

or 

STATE  = 

"10000000" 

or 

STATE  = 

"10000100" 

or 

STATE  = 

"10001000" 

or 

STATE  = 

"10001100" 

or 

STATE  = 

"10010000" 

or 

STATE  = 

"10010100" 

or 

STATE  = 

"10011000" 

or 

STATE  = 

"10011100")  then 

RESET  <= 

"000000"; 

ENABLE  <= 

"010000"; 

elsif  (STATE  =  "01000001"  or  STATE  =  "01000101" 

or  STATE  =  "01001001"  or  STATE  =  "01001101" 
or  STATE  =  "01010001"  or  STATE  =  "01010101" 
or  STATE  =  "01011001"  or  STATE  =  "01011101" 
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or 

STATE  = 

"01100001" 

or 

STATE  = 

"01100101" 

or 

STATE  = 

"01101001" 

or 

STATE  = 

"01101101" 

or 

STATE  = 

"01110001" 

or 

STATE  = 

"01110101" 

or 

STATE  = 

"01111001" 

or 

STATE  = 

"01111101" 

or 

STATE  = 

"10000001" 

or 

STATE  = 

"10000101" 

or 

STATE  = 

"10001001" 

or 

STATE  = 

"10001101" 

or 

STATE  = 

"10010001" 

or 

STATE  = 

"10010101" 

or 

STATE  = 

"10011001" 

or 

STATE  = 

"10011101")  then 

RESET  <= 

"000000"; 

ENABLE  <= 

"010000"; 

elsif  (STATE  =  "01000010"  or  STATE  =  "01000110 


or 

■  STATE  = 

:  "01001010’ 

’  or 

■  STATE  = 

:  "01001110" 

or 

•  STATE  = 

:  ”01010010’ 

’  or 

■  STATE  = 

:  "01010110" 

or 

STATE  = 

"01011010" 

or 

STATE  = 

"01011110" 

or 

STATE  = 

"01100010" 

or 

STATE  = 

"01100110" 

or 

STATE  = 

"01101010" 

or 

STATE  = 

"01101110" 

or 

STATE  = 

"01110010" 

or 

STATE  = 

"01110110" 

or 

STATE  = 

"01111010" 

or 

STATE  = 

"01111110" 

or 

STATE  = 

"10000010" 

or 

STATE  = 

"10000110" 

or 

STATE  = 

"10001010" 

or 

STATE  = 

"10001110" 

or 

STATE  = 

"10010010" 

or 

STATE  = 

"10010110" 

or 

STATE  = 

"10011010" 

or 

STATE  = 

"10011110")  then 

RESET  <=  "010000"; 

ENABLE  <=  "100000"; 

elsif  (STATE  =  "01000011"  or  STATE  =  "01000111 


or 

■  STATE  = 

:  ”01001011’ 

’  or 

■  STATE  = 

:  "01001111" 

or 

•  STATE  = 

:  ”01010011’ 

’  or 

•  STATE  = 

:  "01010111" 

or 

STATE  = 

"01011011" 

or 

STATE  = 

"01011111" 

or 

STATE  = 

"01100011" 

or 

STATE  = 

"01100111" 

or 

STATE  = 

"01101011" 

or 

STATE  = 

"01101111" 

or 

STATE  = 

"01110011" 

or 

STATE  = 

"01110111" 

or 

STATE  = 

"01111011" 

or 

STATE  = 

"01111111" 

or 

STATE  = 

"10000011" 

or 

STATE  = 

"10000111" 

or 

STATE  = 

"10001011" 

or 

STATE  = 

"10001111" 

or 

STATE  = 

"10010011" 

or 

STATE  = 

"10010111" 

or 

STATE  = 

"10011011" 

or 

STATE  = 

"10011111")  then 

RESET  <=  "000000"; 

ENABLE  <=  "010000"; 

elsif  (STATE  =  "11000000"  or  STATE  =  "11000001" 
or  STATE  =  "11000010"  or  STATE  =  "11000011 
or  STATE  =  "11000100"  or  STATE  =  "11000101 


or 

STATE  = 

"11000110" 

or 

STATE  = 

"11000111" 

or 

STATE  = 

"11001000" 

or 

STATE  = 

"11001001" 

or 

STATE  = 

"11001010" 

or 

STATE  = 

"11001011" 

or 

STATE  = 

"11001100" 

or 

STATE  = 

"11001101" 

or 

STATE  = 

"11001110" 

or 

STATE  = 

"11001111" 

or 

STATE  = 

"11010000" 

or 

STATE  = 

"11010001" 

or 

STATE  = 

"11010010" 

or 

STATE  = 

"11010011" 

or 

STATE  = 

"11010100" 

or 

STATE  = 

"11010101" 

or  STATE  = 

RESET  <= 

"11010110" 

"010000"; 

or 

STATE  = 

"11010111")  then 
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ENABLE  <=  "010000"; 

--Start  Memory  Test 
elsif  STATE  =  "11111000"  then 
RESET  <=  "110000"; 
ENABLE  <=  "000001"; 

elsif  STATE  =  "11111001"  then 
RESET  <=  "000001"; 
ENABLE  <=  "000010"; 

elsif  STATE  =  "11111010"  then 
RESET  <=  "000000"; 
ENABLE  <=  "000100"; 

elsif  STATE  =  "11111011"  then 
RESET  <=  "000000"; 
ENABLE  <=  "001000"; 

else 

RESET  <=  "111111"; 
ENABLE  <=  "000000"; 

end  if; 

end  process; 

end  Behavioral; 
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G 


COUNTER-DECODE  MODULE 


1.  VHDL  Code 


--  filename:  counter_decode . vhd 
--  written  by:  Charles  Hulme 

--  This  module  tells  you  which  address  counter  is  selected  based 
on 

--  current  state. 


library  IEEE; 

use  IEEE. STD_LOGIC_1164 .ALL; 
use  IEEE. STD_LOGIC_ARITH. ALL; 
use  IEEE . STD_LOGIC_UNSIGNED . ALL; 

entity  counter_decode  is 
Port  ( 

state:  in  std_logic_vector  (7  downto  0) ; 

addressl:  in  std_logic_vector  (23  downto  0);  --UP_WA 

address2 :  in  std_logic_vector  (23  downto  0);  --UP_RA 

address3:  in  std_logic_vector  (23  downto  0);  --DN_WA 

address4:  in  std_logic_vector  (23  downto  0);  --DN_RA 

address5:  in  std_logic_vector  (23  downto  0);  --P2_W 

address6:  in  std_logic_vector  (23  downto  0);  --P2_WI 

RTWF :  out  std_logic;  --Read  True, '1' ,  and  Write 

False,  ' 0  1 

ADDR :  out  STD_LOGIC_VECTOR  (23  downto  0) 

)  ; 

end  counter_decode; 

architecture  Behavioral  of  counter_decode  is 
begin 

fen:  process 

(state, addressl, address2, address3, address 4, address5, address 6) 
begin 

--Starting  Data  Test 

if  (state  =  "00000010"  or  state  =  "00000100" 

or  state  =  "00000110"  or  state  =  "00001000" 
or  state  =  "00001010"  or  state  =  "00001100" 
or  state  =  "00001110"  or  state  =  "00010000" 

or  state  =  "00010010"  or  state  =  "00010100" 

or  state  =  "00010110"  or  state  =  "00011000" 

or  state  =  "00011010"  or  state  =  "00011100" 

or  state  =  "00011110"  or  state  =  "00100000" 

or  state  =  "00100010"  or  state  =  "00100100" 

or  state  =  "00100110"  or  state  =  "00101000" 

215 


or  state 


"00101010"  or  state 


"00101100" 


or  state  =  "00101110"  or  state  =  "00110000" 


or  state  = 
ADDR  <= 

for  data  test 

RTWF  <= 


"00110010")  then 

"000000000000000000000000";  --any  address 


O’ 


--write  pattern  to  memory 


.f 

(state 

= 

"00000011" 

or 

state 

= 

"00000101" 

or  state 

=  "00000111 

H  ( 

or  state 

=  "00001001 

or  state 

=  "00001011 

M 

or  state 

=  "00001101 

or 

state 

= 

"00001111" 

or 

state 

= 

"00010001" 

or 

state 

= 

"00010011" 

or 

state 

= 

"00010101" 

or 

state 

= 

"00010111" 

or 

state 

= 

"00011001" 

or 

state 

= 

"00011011" 

or 

state 

= 

"00011101" 

or 

state 

= 

"00011111" 

or 

state 

= 

"00100001" 

or 

state 

= 

"00100011" 

or 

state 

= 

"00100101" 

or 

state 

= 

"00100111" 

or 

state 

= 

"00101001" 

or 

state 

= 

"00101011" 

or 

state 

= 

"00101101" 

or 

state 

= 

"00101111" 

or 

state 

= 

"00110001" 

or 

state 

= 

"00110011") 

then 

as  above 


ADDR  <=  "000000000000000000000000";  --same  address 
RTWF  <=  ' 1 ' ;  --read  back  pattern  from  memory 


--Starting  Address  Test 


test 


elsif  (state  = 
or  state 
or  state 
or  state  = 
or  state  = 
or  state  = 
or  state  = 
or  state  = 
or  state  = 
or  state  = 
or  state  = 
or  state  = 
ADDR  <= 


"01000000"  or  state  =  "01000100" 


=  "01001000"  or  state  =  "01001100" 
=  "10100000"  or  state  =  "01010100" 


"01011000" 

or 

state  = 

"01011100" 

"01100000" 

or 

state  = 

"01100100" 

"01101000" 

or 

state  = 

"01101100" 

"01110000" 

or 

state  = 

"01110100" 

"01111000" 

or 

state  = 

"01111100" 

"10000000" 

or 

state  = 

"10000100" 

"10001000" 

or 

state  = 

"10001100" 

"10010000" 

or 

state 

"10010100" 

"10011000" 

or 

s  t  a  l  g  = 

"10011100")  then 

address5; 

--Power-of-2 

counter  for  address 

RTWF  <=  'O';  --write  pattern  to  memory 


--note  there  is  no  statements  for  the  _WL  cases,  the  null  state¬ 
ment  below 

--for  the  else  statement  will  keep  the  same  address  and  RTWF 
value 


elsif  (state  = 
or  state 
or  state 
or  state  = 
or  state  = 
or  state  = 
or  state  = 
or  state 


" 0 1 0 0 0 0 1 0 "  or  state  = 
=  "01001010"  or  state 
=  "01010010"  or  state 
"01011010"  or  state  = 
"01100010"  or  state  = 
"01101010"  or  state  = 
"01110010"  or  state  = 
"01111010"  or  state  = 


"01000110" 

=  "01001110" 
=  "01010110" 
"01011110" 
"01100110" 
"01101110" 
"01110110" 
"01111110" 
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test 


or 

state  ~ 

"10000010" 

or 

state  = 

"10000110" 

or 

state  = 

"10001010" 

or 

state  = 

"10001110" 

or 

state  = 

"10010010" 

or 

state  = 

"10010110" 

or 

state  = 

"10011010" 

or 

state  = 

"10011110")  then 

ADDR  <= 

address 6;  - 

-Power-of-2 

counter  for  address 

RTWF  <= 

'O';  --write 

inverted 

pattern  to  memory 

.f 

(state  = 

"01000011" 

or 

state  = 

"01000111" 

or  state 

=  "01001011 

n 

or  state 

=  "01001111" 

or  state 

=  "01010011 

ii 

or  state 

=  "01010111" 

or 

state  = 

"01011011" 

or 

state  = 

"01011111" 

or 

state  = 

"01100011" 

or 

state  = 

"01100111" 

or 

state  = 

"01101011" 

or 

state  = 

"01101111" 

or 

state  = 

"01110011" 

or 

state  = 

"01110111" 

or 

state  = 

"01111011" 

or 

state 

"01111111" 

or 

state  = 

"10000011" 

or 

s  t  a  l  o  = 

"10000111" 

or 

state  = 

"10001011" 

or 

state  = 

"10001111" 

or 

state  = 

"10010011" 

or 

state  = 

"10010111" 

or 

state  = 

"10011011" 

or 

state  = 

"10011111")  then 

ADDR  <=  address5;  --Reset  Power  of  2s  counter  for 

address  test 

RTWF  <=  '  1 '  ;  --read  pattern  from  memory 

--note  there  is  no  statements  for  the  _RL  cases,  the  null  state¬ 
ment  below 

--for  the  else  statement  will  keep  the  same  address  and  RTWF 
value 

--Starting  Memory  Test 
elsif  state  =  "11111000"  then 

ADDR  <=  addressl;  --Up  counter  for  memory  test 
RTWF  <=  'O';  --write  pattern  to  memory 

elsif  state  =  "11111001"  then 

ADDR  <=  address2;  --Up  counter  for  memory  test 
RTWF  <=  ' 1 ' ;  --read  pattern  from  memory 

elsif  state  =  "11111010"  then 

ADDR  <=  address3;  --Down  counter  for  memory  test 
RTWF  <=  'O';  --write  pattern  to  memory 

elsif  state  =  "11111011"  then 

ADDR  <=  address4;  --Down  counter  for  memory  test 
RTWF  <=  ' 1 ' ;  --read  pattern  from  memory 

else 

null ; 
end  if; 
end  process; 
end  Behavioral; 
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H.  COMPARE-ENABLE  MODULE 
1.  VHDL  Code 


--  filename:  comp_en.vhd 
--  written  by:  Charles  Hulme 

--  This  module  dictates  when  the  comparator  can  test. 
--  this  occurs  any  time  a  read  operation  is  occuring. 


library  IEEE; 

use  IEEE. STD_LOGIC_1164 .ALL; 
use  IEEE. STD_LOGIC_ARITH. ALL; 
use  IEEE . STD_LOGIC_UNSIGNED . ALL; 

entity  comp_en  is 
Port  ( 

state:  in  std_logic_vector  (7  downto 
comp_enable:  out  STD_LOGIC 

)  ; 

end  comp_en; 

architecture  Behavioral  of  comp_en  is 
begin 

fen:  process  (state) 
begin 


--Staring  Data  Test 

if  (state  =  "00000011"  or  state  =  "00000101" 
or  state  =  "00000111"  or  state  =  "00001001 
or  state  =  "00001011"  or  state  =  "00001101 


or 

state 

= 

"00001111" 

or 

state 

= 

"00010001 

or 

state 

= 

"00010011" 

or 

state 

= 

"00010101 

or 

state 

= 

"00010111" 

or 

state 

= 

"00011001 

or 

state 

= 

"00011011" 

or 

state 

= 

"00011101 

or 

state 

= 

"00011111" 

or 

state 

= 

"00100001 

or 

state 

= 

"00100011" 

or 

state 

- 

"00100101 

or 

state 

= 

"00100111" 

or 

state 

= 

"00101001 

or 

state 

= 

"00101011" 

or 

state 

= 

"00101101 

or 

state 

= 

"00101111" 

or 

state 

= 

"00110001 

or 

state 

= 

"00110011"! 

i  then 

comp_enable<=  T 1 T ; 


—  Starting  Address  Test 

elsif  (state  =  "01000011"  or  state  =  "01000111" 

or  state  =  "01001011"  or  state  =  ”01001111’ 

or  state  =  "01010011"  or  state  =  ”01010111’ 

or  state  =  "01011011"  or  state  =  ”01011111’ 

or  state  =  "01100011"  or  state  =  ”01100111’ 

or  state  =  "01101011"  or  state  =  ”01101111’ 


Typically, 
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or  state  =  "01110011"  or  state  =  "01110111" 

or  state  =  "01111011"  or  state  =  "01111111" 

or  state  =  "10000011"  or  state  =  "10000111" 

or  state  =  "10001011"  or  state  =  "10001111" 

or  state  =  "10010011"  or  state  =  "10010111" 

or  state  =  "10011011"  or  state  =  "10011111") 

comp_enable<= 1 1 1 ; 

elsif  (state  =  "11000000"  or  state  =  "11000001" 


or 

state 

= 

"11000010" 

or 

state  = 

"11000011" 

or 

state 

= 

"11000100" 

or 

state  = 

"11000101" 

or 

state 

= 

"11000110" 

or 

state  = 

"11000111" 

or 

state 

= 

"110001000 

"  OI 

:  state  = 

=  "11001001" 

or 

state 

= 

"11001010" 

or 

state  = 

"11001011" 

or 

state 

= 

"11001100" 

or 

state  = 

"11001101" 

or 

state 

= 

"11001110" 

or 

state  = 

"11001111" 

or 

state 

= 

"11010000" 

or 

state  = 

"11010001" 

or 

state 

= 

"11010010" 

or 

state  = 

"11010011" 

or 

state 

= 

"11010100" 

or 

state  = 

"11010101" 

or 

state 

= 

"11010110" 

or 

state  = 

"11010111") 

comp_enable<= '  1 '  ; 


--Starting  Memory  Test 
elsif  state  =  "11111001"  then 

comp_enable<= 1 1 1 ; 

elsif  state  =  "11111011"  then 

comp_enable<= ' 1 ' ; 


else 

comp_enable<= 1 0 1 ; 
end  if; 
end  process; 
end  Behavioral; 


then 


then 
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I, 


PASS-COUNTER  MODULE 


1. 


Schematic  Diagram 


<13S3d  I 
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J.  STATUS  MODULE 
1.  VHDL  Code 


--  filename:  lat_stat.vhd 
--  written  by:  Charles  Hulme 

--  If  a  test  fails,  the  current  state  and  memory  location  are  latched 


library  IEEE; 

use  IEEE. STD_LOGIC_1164 .ALL; 
use  IEEE. STD_LOGIC_ARITH. ALL; 
use  IEEE. ST D_LOG I C_UNS I GNE D . ALL ; 

entity  lat_stat  is 
Port  ( 

state:  in  std_logic_vector  (7  downto  0) ; 
flag:  in  std_logic; 

addr :  in  std_logic_vector  (23  downto  0) ; 
test_data:  in  std_logic_vector  (23  downto  0) ; 
location:  out  STD_LOGIC_vector  (23  downto  0); 
data:  out  STD_LOGIC_vector  (23  downto  0) ; 
mode:  out  STD_LOGIC_vector  (7  downto  0) 

)  ; 

end  lat_stat; 

architecture  Behavioral  of  lat_stat  is 
signal  state_latch:  std_logic_vector  (7  downto  0) ; 
signal  addr_latch:  std_logic_vector  (23  downto  0) ; 
signal  data_latch:  std_logic_vector  (23  downto  0) ; 

begin 

fen:  process  ( flag, addr , state, test_data) 
begin 

state_latch  <=  state; 
addr_latch  <=  addr; 
data_latch  <=  test_data; 

if  flag  =  1 1 1  then 

location<=addr_latch; 

data<=data_latch; 

mode<=state_latch; 

else 

null ; 
end  if; 

end  process; 

end  Behavioral; 
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K. 


TOP  LEVEL  CONTROL  LOGIC  MODULE 


1.  Schematic  Diagram 
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APPENDIX  B:  COMPLETE  SCHEMATICS,  VHDL  CODES  AND 
TEST-BENCH  WAVEFORMS  FOR  EPROM/PROM  TEST 


Appendix  B  contains  the  schematic  diagrams,  VHDL  code,  and  Test-Bench  wave¬ 
forms  for  the  complete  EPROM/PROM  test  design.  The  appendix  is  organized  by  mod¬ 
ule,  so  each  section  contains  a  module  schematic/VHDL  code  and  a  Test-Bench  wave¬ 
form. 
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A.  MULTIPLEXER  MODULE 
1.  VHDL  Code 


--  filename:  multiplexer . vhd 
--  written  by:  Charles  Hulme 

This  program  simulates  a  multiplexer  and  outputs  all  zeros  if 
muxSum  =  0  or  the  input  value  of  Sum  if  muxSum  =  1 


library  IEEE; 

use  IEEE. STD_LOGIC_1164 .ALL; 
use  IEEE. STD_LOGIC_ARITH. ALL; 
use  IEEE . STD_LOGIC_UNSIGNED . ALL; 

entity  multiplexer  is 

Port  (muxSum  :  in  std_logic; 

one  :  in  std_logic_vector  (15  downto  0) ; 
Sum  :  out  std_logic_vector  (15  downto  0) 

)  ; 

end  multiplexer; 

architecture  Behavioral  of  multiplexer  is 
begin 

process  (muxSum,  one) 
begin 

if  muxSum  =  'O'  then 

Sum  <=  "0000000000000000"; 

else 

Sum  <=  one; 
end  if; 
end  process; 

end  Behavioral; 
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2. 


Test-Bench  Waveform 
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B.  ADDER  MODULE 
1.  VHDL  Code 


--  filename:  adder. vhd 
--  written  by:  Charles  Hulme 

This  program  adds  an  8  bit  number  with  a  16  bit  number 
by  concatinating  8  zeros  on  the  front  of  the  8  bit 
number. 


library  IEEE; 

use  IEEE. STD_LOGIC_1164 .ALL; 
use  IEEE. STD_LOGIC_ARITH. ALL; 
use  IEEE . STD_LOGIC_UNS IGNED . ALL ; 
use  IEEE. NUMERIC_STD. ALL; 

entity  adder  is 

Port  (  a:  in  std_logic_vector  (15  downto  0) ; 

b:  in  std_logic_vector  (7  downto  0) ; 
sum:  out  std_logic_vector  (15  downto  0) 

)  ; 

end  adder; 

architecture  Behavioral  of  adder  is 
begin 

sum  <=  a  +  (" 00000000 " &b) ; 

end  Behavioral; 
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2, 


Test-Bench  Waveform 
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DATA  MODULE 
1.  Schematic  Diagram 
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2.  Test-Bench  Waveform 
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D.  CONTROL  MODULE 


1.  VHDL  Code 


—  filename:  control. vhd 

—  written  by:  Charles  Hulme 

—  This  state  machine  controls  the  transition  of  states 

—  based  on  the  inputs  run  and  newdata. 


library  IEEE; 

use  IEEE.STDLOGIC1 164. ALL; 
use  IEEE.STD_LOGIC_ARITH.ALL; 
use  IEEE.STD_LOGIC_UNSIGNED.ALL; 

entity  control  is 

Port  (  CLOCK  :  in  std  logic; 

RESTART  :  in  std  logic; 
run  :  in  std  logic; 
newdata  :  in  std  logic; 
state  :  out  std_logic_vector(3  downto  0); 

done  :  out  std  logic; 
muxSum  :  out  std  logic; 
rSumLoad :  out  std_logic; 
rResultLoad  :  out  std  logic); 
end  control; 

architecture  Behavioral  of  control  is 
type  FSMtype  is  (state0,statel,state2); 
signal  CurrState,  Next_State  :  FSMType; 
begin 

—  Process  that  implements  the  Next  State  Logic 
nxtStProc:  process(Curr_State, RESTART, run, newdata) 

begin 

if  RESTART  =  T  then 
Next_State  <=  stateO; 
else 

case  Curr  State  is 
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when  stateO  => 
if  run  =  T  then 
Next_State  <=  state  1; 
elsif  run  =  'O'  then 
Next_State  <=  stateO; 
end  if; 

when  state  1  => 

if  newdata  =  T  then 
Next_State  <=  state2; 
elsif  newdata  =  'O'  then 
Next_State  <=  state  1; 
elsif  run  =  'O'  then 

Next_state  <=  stateO; 
end  if; 

when  state2  => 
if  run  =  T  then 
Next_State  <=  state  1; 
elsif  run  =  'O'  then 
Next_state  <=  stateO; 
end  if; 

end  case; 


end  if; 

end  process  nxtStProc; 

—Process  to  register  current  state 
curStProc:  process  (CLOCK, RESTART) 
begin 

if  (RESTART  =  T)  then 
CurrState  <=  stateO; 

elsif  (CLOCK'event  and  CLOCK  ='l')then 
Curr  State  <=  Next  State; 
end  if; 

end  process  curStProc; 


—Process  to  generate  outputs 
outConProc:  process(Curr_State) 
begin 
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—  Set  certain  outputs  depending  on  which  state  currently  in 
case  Curr  State  is 

when  stateO  => 
done  <=  T; 
muxSum  <=  'O'; 
rSumLoad  <=  T; 
rResultLoad  <=  'O'; 
state  <=  "0000"; 


when  state  1  => 
done  <=  'O'; 
muxSum  <=  T; 
rSumLoad  <=  'O'; 
rResultLoad  <=  'O'; 
state  <=  "0001"; 


when  state2  => 
done  <=  T; 
muxSum  <=  T; 
rSumLoad  <=  T; 
rResultLoad  <=  T; 
state  <=  "0010"; 


end  case; 

end  process  outConProc; 
end  Behavioral; 
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1.  Schematic  Diagram 


234 


2, 


Test-Bench  Waveform 


Time  (ns) 
CLOCK 
RESTART 
run 

newdata 

Dataln[7:0] 

done 

Result[15:0] 

state[3:0] 

Time  (ns) 
CLOCK 
RESTART 
run 

newdata 

Dataln[7:0] 

done 

Result[15:0] 

state[3:0] 

Time  (ns) 
CLOCK 
RESTART 
run 

newdata 

Dataln[7:0] 

done 

Result[15:0] 

state[3:0] 


|0 

|  100 

1 200 

|  300 

1 400 

|  500 

|  600 

|  700 

|  800 

ru  f  i  Y_ 

l=>  1 

_ f  2  V 

7o 

— 

_ f  4  V_ 

-Js  \_ 

_ f  6  \_ 

_X7  v 

— 

_ f  9 

U=>  0 

_7i 

1 

1 

\o 

UO  0 

_ /  1 

1 

1 

“Co 

U=>  00 

X03 

“T06 

“ Xo4 

a  _V1 

\o 

/I 

\o 

_ /  1 

\  0 

_ /  1 

\0 

0 

a  ~Koooo 

0000 

0000 

X  0003 

0003 

X  0009 

0009 

X  OOOD 

0001 

a  lo 

Xi 

X  2 

Xi 

X  2 

Xi 

X  2 

Xi 

1 

1 700 

|  800 

1 900 

1 1000 

1 1100 

1 1200 

1 1300 

|  1400 

1 1500 

ru  fs 
co> 

V 

_ 7 10  V_ 

_?11  v_ 

_ fVL  V_ 

_ f  13  V_ 

_J  14  V 

— m  v 

_ f  16 

~Ao 

0 

0 

0 

0 

cn  ^\o 

0 

0 

0 

0 

0 

0 

0 

0 

a  “)(  oood 

OOOD 

OOOD 

OOOD 

OOOD 

OOOD 

OOOD 

OOOD 

0001 

_ 

1 

1 

1 

1 

1 

1 

1 

1 

1 1400 _ |  1500 _ 1 1600 _ 1 1700 _ 1 1800 _ 1 1900 _ |  2000 _ |  2100 _ |  2200 


ru  fl5  \  fl6  \  f  11  \  f 

18  \  fl9  \  f  20  \  f  21  \  f  22  \  f  23 

cz>  ( 

0 

a  o  o  o 

0 

a  OOOD  OOOD  OOOD 

OOOD 

a  i  l  l 

1 

235 


F.  COMPARATOR  MODULE 


1.  Schematic  Diagram 
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2.  Test-Bench  Waveform 
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G. 


TOP  LEVEL  MODULE 


1.  Schematic  Diagram 
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